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PROGRAMS  FOR  CALCULATING  CELL  PARAMETERS 

I N  ELECTRON AND X-RAY DIFFRACTION 

George  Polkowski 
LFE Corpora t ion  

and 

K.  G .  Sne t s inge r   and  Neil H.  Far low 
Ames Research  Center  

S W R Y  

T e n   p r o g r a m s   f o r   c a l c u l a t i n g  c e l l  p a r a m e t e r s   f r o m   s i n g l e - c r y s t a l   e l e c t r o n  
d i f f r a c t i o n   p a t t e r n s  are  p r e s e n t e d .  M o s t   o f   t h e   p r o g r a m s ,   w r i t t e n   f o r   u s e  
w i t h  a p rogrammable   desk   ca l cu la to r ,  are  a l s o   a p p l i c a b l e   t o   x - r a y   d i f f r a c t i o n  
w o r k .   T h e   p r o g r a m s   c a n   b e   u s e d   t o   c a l c u l a t e   d - s p a c i n g s   f r o m   e l e c t r o n   d i f f r a c -  
t i o n   p l a t e   m e a s u r e m e n t s ,   a n d   t o   d e t e r m i n e   c e l l   d a t a   ( i n c l u d i n g   i n t e r p l a n a r  
a n g l e s   a n d   z o n e   a n g l e s )   f o r  a l l  c r y s t a l   s y s t e m s .  A program  for   rhombohedral-  
hexagona l   conve r s ions   and   one   fo r   ma tc l l i ng   c rys t a l   da t a   f rom  s t anda rds   w i th  
a p p a r e n t   c r y s t a l   p a r a m e t e r s   f o u n d   i n   d i f f r a c t i o n   p a t t e r n s  are  i n c l u d e d .  
B e c a u s e   t h e y   a l l o w   r a p i d   d e t e r m i n a t i o n   o f   d a t a   n o t   p r e s e n t   i n   x - r a y   l i s t i n g s  
o r   e l s e w h e r e   i n   t h e   l i t e r a t u r e ,   t h e   p r o g r a m s   f a c i l i t a t e   i d e n t i f i c a t i o n   o f  
unknowns. F u l l   u n d e r s t a n d i n g   o f   t h e   p r o g r a m s   r e q u i r e s  some  knowledge  of 
c r y s t a l   s t r u c t u r e   a n d   f a m i l i a r i t y   w i t h   p r o g r a m m i n g   t h e  HP-97 c a l c u l a t o r .  The 
programs a re  easy   and   i nexpens ive   t o   u se   compared   t o   t he  time requ i r ed   on  
l a rge   compute r s .   Fu r the rmore ,   da t a   appea r   immedia t e ly  s o  t h a t   r e s u l t s  are 
a v a i l a b l e   c o n t i n u o u s l y   w h i l e   w o r k i n g   o n  a problem. 

I N T R O D U C T I O N  

For  more  than a y e a r  w e  h a v e   b e e n   u s i n g   t h e   s e l e c t e d - a r e a ,   s i n g l e - c r y s t a l  
e l e c t r o n   d i f f r a c t i o n  method t o   i d e n t i f y   s t r a t o s p h e r i c   a e r o s o l s   a n d   a s s o c i a t e d  
p a r t i c u l a t e  matter. I n i t i a l l y  w e  made u s e   o f   p o o r l y   o r i e n t e d   c r y s t a l s   t h a t  
gave r ise t o   o n l y  a few d i s o r g a n i z e d ,   a p p a r e n t l y   u n r e l a t e d   r e f l e c t i o n s .  The 
amount   of   information  obtained  by  examining a g r a i n   i n   o n l y   o n e   o r i e n t a t i o n  is 
l i m i t e d ,   e s p e c i a l l y   i f   t h e   o r i e n t a t i o n  i s  a n   i r r a t i o n a l   o n e .  But  by  combining 
d-spac ing   da ta   f rom a n u m b e r   o f   d i f f e r e n t l y   o r i e n t e d   p a r t i c l e s   o f ,   p r e s u m a b l y ,  
t h e  same s u b s t a n c e ,  w e  have  had some s u c c e s s   i n   i d e n t i f i c a t i o n ,   u s i n g  as  com- 
p a r a t i v e   d a t a   t h e  well-known J o i n t  Committee  on  Powder D i f f r a c t i o n   S t a n d a r d s  
(JCPDS) f i l e   o f  compounds.  Our p o s s i b i l i t i e s   f o r  unknowns are l i m i t e d   t o  a 
r e l a t i v e l y  few s u l f a t e  compounds,  and t h i s   r e s t r i c t i o n   h e l p s   i n   i d e n t i f i c a t i o n ,  
a l t h o u g h   a d m i t t e d l y  some unsuspec ted   phases   migh t   go   un recogn ized .   Th i s   i n i -  
t i a l  a p p r o a c h   c a n   b e   c o m p a r e d   w i t h   t h e   u s e   o f   p o w d e r   x - r a y   p a t t e r n s   i n   c o n -  
j u n c t i o n   w i t h   t h e  JCPDS s t a n d a r d   f i l e ,   e x c e p t   t h a t   w i t h   e l e c t r o n   d i f f r a c t i o n ,  
extra r e f l e c t i o n s  may a p p e a r   t o   c o n f u s e   t h e   c o m p a r i s o n   w i t h   x - r a y   d a t a ,   a n d  
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i n t e n s i t i e s   o f   e l e c t r o n   r e f l e c t i o n s  are no t   gene ra l ly   comparab le   t o   x - r ay  
i n t e n s i t i e s .  

ORIENTED PATTERNS 

Even  though w e  have   no t   had  access t o  a t i l t  s t a g e   f o r   o u r  RCA EMU 4 
i n s t r u m e n t ,   w i t h   t h e   c o n s e q u e n c e   t h a t   o r i e n t a t i o n   o f  a s i n g l e   c r y s t a l   c a n n o t  
b e   a d j u s t e d  a t  w i l l ,  many o f   o u r   p a t t e r n s  are o r i e n t e d  so  t h a t  a we l l -popu la t ed  
l a t t i c e  l a y e r  i s  i n   t h e   p l a n e   o f   t h e   g r i d - s u p p o r t e d   f i l m   u s e d  as  t h e   c o l l e c -  
t i o n   s u r f a c e ,   g i v i n g  rise t o   s y m m e t r i c a l l y   d i s p o s e d   r e f l e c t i o n   p a t t e r n s   h a v i n g  
a n   a p p a r e n t   s y m m e t r y   c e n t e r   o n   t h e   p l a t e .   I n   t h e   c o u r s e   o f   e v a l u a t i o n   o f   t h e s e  
o r i e n t e d   p a t t e r n s ,  w e  made u s e   o f   t h e   t r a d i t i o n a l   f o r m u l a s   f o r   d e t e r m i n a t i o n  
o f   i n t e r p l a n a r   s p a c i n g s   ( a p p e n d i x ) .  We a l s o   f o u n d   t h a t ,   i n   i n t e r p r e t i n g   t h e  
p a t t e r n s ,   c a l c u l a t i o n   o f  c e l l  p a r a m e t e r s   f o r   t h e   v a r i o u s   c r y s t a l   s y s t e m s  i s  
impor tan t .   But  as work  progressed,   and w e  began   t o   employ   i n t e rp l ana r   ang le s  
and a x i a l  r a t i o s  as we l l  as d s p a c i n g s  as  i d e n t i f i c a t i o n   c r i t e r i a ,   t h e  formu- 
l a s  became d i f f i c u l t   t o   s o l v e   m a n u a l l y .   A c c o r d i n g l y ,  a series o f   sho r t   p ro -  
g rams ,   des igned   fo r   u se   w i th   an  HP-97 c a l c u l a t o r ,  w a s  d e v i s e d .  The HP-97 i s  a 
small  programmable   desk   ca lcu la tor   having  a maximum of  224  programming  steps 
and 26 s t o r a g e   r e g i s t e r s .   T h i s   c a p a c i t y  i s  l i m i t e d   r e l a t i v e   e v e n   t o   m o d e s t  
commerc ia l   un i t s ,   such  as t h e  CDC 7600 o r  I B M  360 compute r s ,   bu t   t he   capab i l -  
i t y  i s  p e r f e c t l y   a d e q u a t e   f o r   t h e   p u r p o s e ,   a n d   e x p e n s e s  a re  of   course  much 
l o w e r   t h a n   w i t h   l a r g e r   u n i t s .   C o s t   o f   t h e  HP-97 i s  $750.00 a t  t i m e  o f   w r i t i n g ;  
t h e r e  i s  a l s o  a nomina l   expense   fo r   p r in tou t   pape r   and   magne t i c   i npu t   ca rds .  
The small c a l c u l a t o r   a l l o w s   o n e   t o   h a v e   r e s u l t s  a t  hand  immediately  while  
working on a problem,   and   avoids   the   tu rnaround t i m e  f o r  a la rge   computer .  

DESCRIPTION OF PROGRAMS 

The p rograms   l i s t ed   he re   r ange   f rom  s imple   (P rogram 1: c a l c u l a t i o n   o f  
camera  constant   and d s p a c i n g s   i n   e l e c t r o n   d i f f r a c t i o n   p a t t e r n s )   t o   c o m p l e x  
(Program 9:  d e t e r m i n a t i o n   o f   t r i c l i n i c   c r y s t a l - s y s t e m   p a r a m e t e r s ) .   F o r   f u l l  
unde r s t and ing   o f   t he   p rog rams ,  some f a m i l i a r i t y   w i t h   c r y s t a l   s t r u c t u r e   a n d  
e l e c t r o n   o r   x - r a y   d i f f r a c t i o n  i s  r equ i r ed .   A l though   t he   p rog rams  were des igned  
f o r   u s e   w i t h   a n  HP-97 c a l c u l a t o r ,   w o r k e r s   w i t h  some knowledge   o f   t he   s ty l e   o f  
programming  used   can   perhaps   adapt   the   p rogram  s teps   to   o ther   un i t s .  

I t  i s  assumed i n   u s i n g  most   o f   the   p rograms  tha t   one  i s  d e a l i n g   w i t h  
e l e c t r o n   d i f f r a c t i o n   o f   a n   o r i e n t e d   c r y s t a l ;   t h a t  i s ,  t h a t  a p r i n c i p a l   p l a n e  
o f   symmet ry   o f   t he   c rys t a l  i s  p e r p e n d i c u l a r   t o   t h e   e l e c t r o n  beam. Lacking a 
t i l t  s t a g e ,   o n e   m u s t   t r u s t   t o   l u c k   t o   o b t a i n   s u c h   a n   o r i e n t a t i o n ;   b u t   m i n e r a l s  
o f t e n   l i e  o n   c l e a v a g e s   t h a t  are  p a r a l l e l   t o   s i m p l e   r a t i o n a l   i n d i c e s   a n d ,  as 
noted  above,  w e  have   found  tha t  many o f   t h e   c r y s t a l s  w e  e n c o u n t e r   i n   a e r o s o l s  
have grown o r   b e e n   d e p o s i t e d   s o   t h a t   t h e y  are l y i n g  on a m a j o r   c r y s t a l   p l a n e .  

Program 1 0  i n v o l v e s   c a l c u l a t i o n   o f   a p p a r e n t   c r y s t a l l o g r a p h i c   p a r a m e t e r s ,  
such as may b e   o b s e r v e d   i n   d i f f r a c t i o n   p a t t e r n s   o f   n o n o r t h o g o n a l   c r y s t a l s ,  
f rom  the  known parameters   of   s tandard  compounds.   This  i s  a reverse p rocedure  
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t o   t h a t   o f   t h e   o t h e r   p r o g r a m s   a n d   r e q u i r e s  some e x p l a n a t i o n .   I n   o r i e n t e d  
u n o r i e n t e d   d i f f r a c t i o n   p a t t e r n s   o f   o r t h o g o n a l   ( c u b i c ,   t e t r a g o n a l ,   a n d   o r t h o -  
r h o m b i c )   c r y s t a l s ,   t h e   d - s p a c i n g   v a l u e   o f  a p l a n e   t h a t   i n t e r s e c t s   o n l y   o n e  
a x i s   a l w a y s   r e f l e c t s   t h e   v a l u e   o f   t h e  c e l l  e d g e   c o r r e s p o n d i n g   t o   t h a t   a x i s .  
For  example,  i f  a d i f f r a c t i o n   s p o t  is  known t o   c o r r e s p o n d   t o  (001) i n   a n  
u n o r i e n t e d   p a t t e r n   o f   a n   o r t h o r h o m b i c   c r y s t a l ,   t h e   v a l u e   o f  d ob ta ined   by  mea- 
surement   approximates   the  c e l l  e d g e   o f   t h e  compound; a n d ,   i f   t h e   p a t t e r n  i s  
o r i e n t e d ,   t h e n   a n o t h e r  c e l l  e d g e   s h o u l d   b e   o b t a i n a b l e .   B u t   e v e n   i n   o r i e n t e d  
p a t t e r n s  of n o n o r t h o g o n a l   c r y s t a l s ,  some o r  a l l  o f   t h e  d s p a c i n g s  known t o  
r e p r e s e n t   p l a n e s  ( l o o ) ,  ( O l O ) ,  o r  (001) may b e  less t h a n   t h e   a c t u a l   v a l u e s  of 
t h e   l e n g t h s   o f   t h e   a x e s   t h a t   t h e y   i n t e r s e c t .   F o r   i n s t a n c e ,   i n  a monocl in ic  
c r y s t a l   h a v i n g  i t s  a and b c r y s t a l l o g r a p h i c   a x e s   i n  a p l a n e   p e r p e n d i c u l a r   t o  
t h e   e l e c t r o n  beam, (100) r e f l e c t i o n s  may b e   o b s e r v e d ,   b u t   t h e  a a x i s   c a n n o t   b e  
estimated d i r e c t l y   f r o m   t h e   v a l u e   o f   d ( l o o ) ,   a n d  w i l l  b e   l a r g e r   t h a n   d S , , , ) ,  
owing t o   t h e   g e o m e t r y   i n t r o d u c e d  by t h e   c r y s t a l l o g r a p h i c   a n g l e .  S i m l l a r  
cases can b e  c i t e d   f o r   t h e   o t h e r   n o n o r t h o g o n a l   s y s t e m s   ( i . e . ,   h e x a g o n a l ,  
r h o m b o h e d r a l ,   a n d   t r i c l i n i c ) .   I n   a d d i t i o n ,  i t  can   be  shown t h a t   i n   t h e  rhom- 
b o h e d r a l   a n d   t r i c l i n i c   s y s t e m s ,  a l l  c r y s t a l l o g r a p h i c   a x i a l   a n g l e s   m e a s u r e d  
f r o m   t h e   d i s p o s i t i o n   o f   e l e c t r o n   d i f f r a c t i o n   s p o t s   i n   a n   o r i e n t e d   p a t t e r n  are 
t h e   a p p a r e n t ,   a n d   n o t   t h e   t r u e ,   a x i a l   a n g l e s .   T h i s  i s  t h e  case even i f   t h e  
o r i e n t a t i o n  i s  a s i m p l e   o n e ,   b u t   t h e   s i t u a t i o n  i s  n o t   e a s i l y   v i s u a l i z e d   a n d  
must b e  demonst ra ted  by u s e  o f   t he   fo rmulas   ( append ix ) .  The o n l y   i n s t a n c e s  
where i t   i s  p o s s i b l e   t o  measure a n   a x i a l   a n g l e   i n   t h e   s p o t   p a t t e r n   o f  a non- 
o r t h o g o n a l   c r y s t a l  are  t h e   ( 0 1 0 )   o r i e n t a t i o n   o f  a m o n o c l i n i c   c r y s t a l ,   w h i c h  
y i e l d s   t h e   a x i a l   a n g l e  - and o f  c o u r s e   t h e  (001) o r i e n t a t i o n   o f  a hexagonal  
c r y s t a l ,   w h i c h   g i v e s   t h e  120"  i n t e r a x i a l   a n g l e .  We would a l s o   p o i n t   o u t   t h a t  
w h i l e   a n   a x i a l   a n g l e   o f  9 0 ° ,  a s   m e a s u r e d   o n   a n   e l e c t r o n   d i f f r a c t i o n   p l a t e ,  
s u g g e s t s   t h e   s i m p l e   o r i e n t a t i o n   o f  a compound b e l o n g i n g   t o   a n   o r t h o g o n a l  
c r y s t a l   s y s t e m ,   t h e   p a t t e r n  may i n   f a c t  be r e f e r r a b l e   t o   a n y   n o n o r t h o g o n a l  
s y s t e m   e x c e p t   t h e   r h o m b o h e d r a l ,   t h e   e x c e p t i o n   b e i n g   d u e   t o   t h e   f a c t   t h a t   n o  
o r i e n t a t i o n   o f   a n y   r h o m b o h e d r a l   l a t t i c e   c a n   g i v e  rise t o   e v e n   a p p a r e n t   a n g l e s  
of  90".  

Given   these   compl ica t ions ,   p rogram  10  is p r e s e n t e d   i n   o r d e r   t o   f a c i l i t a t e  
compar i son   o f   expe r imen ta l   d i f f r ac t ion   da t a   w i th   s t anda rd   ( e .g . ,  JCPDS) d a t a ,  
t h u s   a l l o w i n g   c h a n g e s   t o  known s t a n d a r d   v a l u e s   o f   c e l l   e d g e s   a n d   a x i a l   a n g l e s  
t o   s y n t h e s i z e   o b s e r v e d  (loo), ( O l O ) ,  and (001) d s p a c i n g s   o f   d i f f r a c t i o n   p a t -  
t e r n s   a n d   t h e i r   a p p a r e n t   i n t e r p l a n a r   a n g l e s .  Thus a whole set  o f   p o s s i b l e  
m i n e r a l  compounds   can   be   gone   th rough  and   da ta   genera ted   for   compar ison   wi th  
t h e  unknown. We h a v e   f o u n d   t h i s   c o n v e n i e n t   i n   i n s t a n c e s   i n   w h i c h   t h e r e  i s  
some knowledge  of  what  the unknown might   be.   Program  10 i s  a l s o   u s e f u l   i n  
v e r i f y i n g   s o l u t i o n s   a r r i v e d  a t  by o t h e r  means  and, i n   a d d i t i o n ,   a l l o w s   o n e   t o  
i n f e r   v a r i o u s   k i n d s   o f   c e l l s   a n d   t h u s   e x a m i n e   t h e   d a t a   t h a t   w o u l d   b e   p r o d u c e d  
by  them i n   a n   e x p e r i m e n t a l   e l e c t r o n   d i f f r a c t i o n   p a t t e r n .  

The 10 p r o g r a m s ,   i n   a p p r o x i m a t e   o r d e r   o f   i n c r e a s i n g   c o m p l e x i t y ,  are 
d e s c r i b e d   b e l o w .   F o r m u l a s   u s e d   i n   t h e   c a l c u l a t i o n s   a n d   i n p u t   a n d   o u t p u t  
v a l u e s  are inc luded .   Because  i t  is  a g e n e r a l  case o f   t h e   o t h e r   s y s t e m s ,   t h e  
t r i c l i n i c   p r o g r a m   ( p r o g r a m  9 )  cou ld   be   u sed   fo r   mos t  of t h e  more  symmetrical  
classes, t r e a t i n g   t h e s e  as s p e c i a l   e x a m p l e s   o f   t h e   t r i c l i n i c .  Our e x p e r i e n c e  
has   shown,   however ,   that  i t  i s  more   convenient   to  reserve p rograms   fo r   each  
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c r y s t a l   s y s t e m .  It  shou ld  be no ted   t ha t   mos t  of the   p rog rams   can   be   u sed   fo r  
x - r a y   d i f f r a c t i o n   d a t a .  

Program 1: E l e c t r o n   D i f f r a c t i o n   E x p e r i m e n t a l  d C a l c u l a t i o n  

Program  use-  This  program i s  u s e d   t o   c a l c u l a t e  camera c o n s t a n t   o f   p l a t e s ,  
and d s p a c i n g s   o f   e l e c t r o n   d i f f r a c t i o n   s p o t s .  It  i s  assumed t h e   s a m p l e   h a s  a 
t h i n   l a y e r   o f   g o l d   e v a p o r a t e d  on i t  f o r   c a l i b r a t i o n   p u r p o s e s .  The p l a t e  is 
c e n t e r e d  on a r eade r   wh ich   has  a cent imeter   measurement  scale,  a n d   t h e   s c a l e  
r e a d i n g  i s  n o t e d  a t  p o i n t s   o p p o s e d   t o   e a c h   o t h e r  on t h e   i n n e r m o s t   g o l d   r i n g  
(2.355 A ) .  The p r o g r a m   c a l c u l a t e s   t h e  camera c o n s t a n t  (k) a n d   l o c a t i o n   o f   t h e  
c e n t e r  of t h e   d i f f r a c t i o n   p a t t e r n   ( s t o r e d   i n   R e g i s t e r  3 ) .  Scale r e a d i n g s   o f  
d i f f r a c t i o n   s p o t s   c a n   t h e n   b e   u s e d   t o   c a l c u l a t e  d ( f o r   s i n g l e   s p o t s )   o r  dave 
( f o r  a p a i r   o f   c o r r e s p o n d i n g   s p o t s ) .  The a p p l i c a b l e   f o r m u l a s   a r e :  

(unknown) = (k /2 )   ( r ead ing  a t  d i f f r a c t i o n   s p o t  
- r e a d i n g  a t  c e n t e r   d i f f r a c t i o n   p a t t e r n )  

dave  (unknown) = k / ( r e a d i n g   a t   d i f f r a c t i o n   s p o t  1 
- r e a d i n g   a t   d i f f r a c t i o n   s p o t  2 )  

The inpu t   and   ou tpu t   pa rame te r s :  

Input   parameters   Output   parameters  
Labe l  A Reading a t  o n e   s i d e   o f  k 
C a l c u l a t e  k g o l d   r i n g  

ENTER 
Reading a t  o t h e r   s i d e   o f  

g o l d   r i n g  

Label  B Reading a t   d i f f r a c t i o n   s p o t  d 
C a l c u l a t e  d Di s t ance   o f   spo t   f rom  cen te r  

Label  C Reading a t  d i f f r a c t i o n   d a v e  
Calcula te   dave  s p o t  1 o f   p a i r  

ENTER Average   d i s t ance  of  
Reading a t  d i f f r a c t i o n   d i f f r a c t i o n   s p o t s  

"_ s p o t  2 o f   pa i r   f rom c en; e r 
" - = -  - . _ _ - - -  ~ ~ 

Program 1 can   be   executed  as  many times a s   d e s i r e d   b y   e n t e r i n g   t h e   i n d i -  
c a t e d   i n p u t   p a r a m e t e r s   a s  l i s t e d ,  a n d   t h e n   p u s h i n g   t h e   a p p r o p r i a t e   l a b e l  
b u t t o n   ( e . g . ,   p u s h  A f o r   l a b e l  A).  Subprogram A must   be  run  before   subpro-  
grams B and C can   be   execu ted ,   bu t  i t  need   be   run   on ly   once   before  a s e r i e s   o f  
subprograms B and C i s  executed ;   i f   the   camera   cons tan t   changes ,   subprogram A 
must be  run  once   before   any  ser ies  of   subprograms B o r  C .  The a c t u a l   p r o g r a m  
fo l lows  . 
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I 

*LBLA 
ST04 

X+Y 
ST0 5 

+ 
2 

ST03 
RCL4 
RCL5 

2 

- 

- 

i 
5 
5 

ABS 
ST01 

SP c 
FIX 

DSP 6 
P RTX 

RTN 
*LBLB 

X 

Camera 

2 1  11 
35 y l 4  

- 4 1  
35 05 

-55 
0 2  

- 24 
35   03  
36  04 
36  05 

-45 
0 2  

-62 
0 3  
05 
05 

-35 
1 6   3 1  
35 01 
1 6 - 1 1  
-11 

-63  06 
-14 

24 
2 1   1 2  

Constant 

026 
02 7 
028 
029 
030 
0 3 1  
032 
033 
034 
035 
036 
037 
038 
039 
040 
0 4 1  
(642 
04  3 
044 
04 5 
04 6 
047 
048 
04  9 
05 0 

and   d - spac ing   Ca lcu la t ion  

ST00 
RCL 3 

2 

RCLl 
X*Y 

ABS 
DSP4 

1 
X>Y? 
DSP5 

X+Y 
PRTX 
R C L ~  

- 

X 

- 

RCL 3 
- 

ABS 
DSP4 
PRTX 

RTN 
*LBLC 

STOA 
X+Y 

35 00 
36  03 

-45 

- 35 
36 01 

- 4 1  
-24 

1 6   3 1  

0 2  

-63  04 
01 

16-34 
-63  05 

- 4 1  
-14 

36 00 
36 0 3  

-45 
1 6   3 1  

-63  04 
-14 

24 
2 1  1 3  
35 11 

- 4 1  

STOB 35 1 2  
- -45 

RCLl 36 01 
X=+Y - 4 1  

-24 
ABS 1 6   3 1  
- 

DSP4 -63  04 
1 01 

X>Y? 16-34 
DSP5 -63  05 

X+Y - 4 1  
PRTX -14 
RCLA 36 11 
RCLB 36 1 2  

+ -55 
2 02 

-24 
RCLA 36 11 

- -45 
ABS 1 6   3 1  

DSP4 -63  04 
PRTX -14 

RTN 24 
R/  S 5 1  

- 

Program 2 :  Cubic   Sys t em  Crys t a l   Pa rame te r s  

Program  use-   This   program i s  u s e d   t o   c a l c u l a t e  d s p a c i n g s ,   a n g l e s  (9)  
b e t w e e n   p l a n e s ,   a n g l e s  (p) between c r y s t a l   z o n e s ,   a n d  c e l l  e d g e   f o r   t h e   c u b i c  
c r y s t a l   s y s t e m .  The a p p l i c a b l e   f o r m u l a s  are: 

d2 = a2 
h2 + k2 + l2 

a = d(h2  + k2 + 12)1/2 

cosp = . ~~ (.: + v; + w;) /2 (u; + v; + w;)1/2 
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Labe l  A 
C a l c u l a t e  d 

The I n p u t   a n d   o u t p u t   p a r a m e t e r s  are: 

- I n p u t   p a r a m e t e r s  . .  . . ~  Output  "" p a r a m e t e r s  " .  . .  
a 

~~~ ~ 

R e g i s t e r  1- a d o r  d 
R e g i s t e r  4- h h k l  h 
R e g i s t e r  5- k k 
R e g i s t e r  6- 1 1 

Label  B 
C a l c u l a t e  a 

Labe l  C 
C a l c u l a t e  all 
p o s s i b l e   d '  s 
w i t h i n  limits 

NOTE: h < k < l  
Reg. 7<8<9 

R e g i s t e r  4- h 
R e g i s t e r  5- k 
R e g i s t e r  6- 1 
R e g i s t e r  D- d 

a 

R e g i s t e r  1- a d 
R e g i s t e r  7- l a r g e s t  h h k l  

t o   b e   p r i n t e d  
R e g i s t e r  8- l a r g e s t  k 

t o   b e   p r i n t e d  
R e g i s t e r  9- l a r g e s t  1 

t o   b e   p r i n t e d  
R e g i s t e r  E- o n l y  d 

v a l u e s   l a r g e r   t h a n  
t h i s   p r i n t e d  

R e g i s t e r  4- h l   ( u , )  + ( P I  4 ( P )  
R e g i s t e r  5- k ,   ( v l )   h l k l l l  (u1v1w1)  h, ( ~ 1 )  
R e g i s t e r  6- 1, (w,)  h,k,l,  (u2v2w2)  k,  (v,) 
R e g i s t e r  7- h, (u,) 1, (w,) 
R e g i s t e r  8- k, (v,) h, (u,) 
R e g i s t e r  9- 1, (w,)  k, (v,) 

1, (w,) 

Label  D 
C a l c u l a t e   a n g l e  
(+) between 
c r y s t a l   p l a n e s  

o r  
C a l c u l a t e   a n g l e  
( p )  between 
c r y s t a l   z o n e s  ~ ~ .~ 

a I f   h ,  k, and 1 (u ,  v, and w) are z e r o   o r   p o s i t i v e   a n d  less t h a n  
10,  o u t p u t  i s  i n   t h e   f o r m   h k l   ( u v w ) .   I f   h ,   k ,   o r  1 (u ,  v, o r  w) are  

n e g a t i v e ,   o r   g r e a t e r   t h a n  9 ,  o u t p u t  is i n   t h e   f o r m  k o r  v ( v e r t i c a l  

r a t h e r   t h a n   h o r i z o n t a l   f o r m a t ) .  

h u  

1 w  

The  programs  can  be  executed  as  many times as d e s i r e d  by s t o r i n g   t h e  
i n d i c a t e d   i n p u t   c r y s t a l   p a r a m e t e r s   i n   t h e i r   r e s p e c t i v e   r e g i s t e r s ,   a n d   t h e n  
p u s h i n g   t h e   a p p r o p r i a t e   l a b e l   b u t t o n   ( e . g . ,   p u s h  A f o r   L a b e l  A ) .  The a c t u a l  
program  fo l lows .  
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001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
830 
031 
1632 
033 
034 
035 
1636 
037 
038 
039 
040 
5641 
04  2 
04  3 
04  4 
045 
046 
047 
04 8 
04  9 
05 0 
051 

*LBLA 
GSBl 

- 

JX 
DSP4 
PRTX 
GSB2 

RTN 
*LBLB 

SPC 
RCLD 
GSBa 

J X  
X 

DSP4 
PRTX 

RTN 
7'cLBLC 

RCL 9 
RCL8 
X>Y? 

R/  S 
RCL7 
X>Y? 

R /  S 
0 

ST04 
ST05 
ST06 

*LBL@ 
RCL9 
RCL 6 
X=Y? 
GTOb 

1 
+ 

ST06 
*LBL7 

GS Bd 
- 

J X  
RCLE 
X>Y? 
GTOb 

X+Y 
SPC 

D SP4 
PRTX 
GSB2 

*LBLb 
G T O ~  
. .  

2 1  11 
23 0 1  

-24 
54 

-63  04 
-14 

23  02 
24 

2 1   1 2  
16-11 
36 1 4  

23   16  11 
54 

-35 
-63 04 

-14 
24 

2 1  13 
36 (69 
36 08 
16-34 

5 1  
36  07 
16-34 

5 1  
00 

35 04 
35  05 
35  06 
21 00 
36  09 
36 06 

22 1 6   1 2  

-55 
35  #6 
2 1  07 

2 3   1 6   1 4  
-24 

54 
36 1 5  
16-34 

22 1 6   1 2  

16-33 

01 

-41 
16-11 

-63  04 
-14 

23  82 
22 00 

2 1   1 6   1 2  

C u b i c   C a l c u l a t i o n s  
052 RCL6 36  06 
053 RCL5 

055 GTOc 
056 RCL8 
057 X=Y? 
058 GTOc 
5659 X+Y 
060 1 
061  + 
(662 ST05 
063 ST06 
064 GT07 
065 *LBLc 
066 RCL5 
067 RCL4 
068 X=Y? 
069 R/S 
6370 RCL7 
071 X=Y? 
072 R / S  

054 X=Y? 

073 X+Y 
07 4 1 
07  5 + 
076 ST04 
877 ST05 
078 ST06 
079 GT07 
080 *LBLD 
081 RCL4 
082 RCL7 
083 X 

084 RCL5 
085 RCE8 
086 X 

08 7 + 
088 RCL6 
089 RCE9 
090 X 
091 + 
092 STOA 
093 RCL7 
0 94 X2 
095 RCL8 
096 X2  
097 + 
098 RCL9 
099 X 2  
100 + 
181 GSBa 
192  X 

36  05 

22  16 13 
36 08 

22  16 13 

16-33 

16-33 

-41 
01 

-55 
35  05 
35  06 
22  07 

2 1   1 6   1 3  
36 05 
36  04 

5 1  
36 07 

5 1  
-4 1 

01 
-55 

35  04 
35  05 
35  06 
22  07 
21  14 
36 04 
36  07 

-35 
36 05 
36 08 

-35 
-55 

36  06 
36  09 

-35 
-55 

35 11 
36 07 

53  
36 08 

53  
-55 

36  89 
53  

-55 
23   16  11 

16-33 

16-33 

-35- 

- 
103 
104 
1 0 5  
106  
107 
1@8 
109  
110 
111 
112  
113 
114 
1 1 5  
116  
117 
118 
119  
120  
1 2 1  
122  
1 2 3  
124 
125  
126 
127 
128 
129  
130  
1 3 1  
132 
1 3 3  
134 
135  
136 
137 
138 
139 
140  
1 4 1  
142 
1 4 3  
144 
145  
146  
1 4  7 
148  
1 4  9 
150  
1 5 1  
152  
- 1 5 3  ~ 

JX 
RCLA 

X+Y 
- 

cos-1 
DSP2 
PRTX 
GSB2 

9 
RCL7 
X>Y? 
GT09 

GT09 
9 

RCL8 
X>Y? 
GT09 
X< 0? 
GT09 

9 
RCL9 
X>Y? 
GT09 

GT09 
RCL7 

1 

X<@? 

x< 0? 

0 
0 

X 
+ 

RCL 8 
1 
0 

X 

+ 
DSPB 
PRTX 

RTN 
*LBLl 

SPC 
*LBLd 

RCEl 

*LBLa 
RCL4 

RCL5 

X 2  

X2  

X 2  
~- + 

54 
36 11 

-41 
-24 

16   42  
-63  02 

-14 
23  02 

09 
36  07 
16-34 
22 09 
16-45 
22  09 

09 

16-34 
22 09 

22 09 
09 

36  09 
16-34 
22  09 
16-45 
22  09 
36  07 

01 
00 
00 

36 08 

16-45 

-35 
-5  5 

36  08 
01 
00 

-35 
-55 

-63 00 
-14 

24 
2 1  01 
16-11 

2 1   1 6   1 4  
36 01 

53  
2 1   1 6  11 

36  04 
53  

36  65 
53  

-55 
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-_ ~ 

154  RCL6 
155 X 2  
15 6 4- 
157  RTN 
158 *LBL2 
159  9 
160  RCL4 
1 6 1  X>Y? 
162  GT08 
1 6 3  X<@? 
164 GT08 
165  9 
166 RCL5 
167  x>Y? 
168  GT08 
169  X<@? 
1 7 0  GT08 
1 7 1  9 
172 RCL6 

- .~ C @i_c- C a l c u l a t i o n  s _(C~_n_t_lud e!.)= 
36 166 1 7 3  x>Y?  16-34 ig2 

" . "  

53 174  GT08 22 08 1 9 3  
-55 1 7 5  X<@? 16-45 194  

21   02  177  RCL4 36 634 1 9 6  
09  178  1 01 197 

24  176 GT08 22 08 1 9 5  

36  04 179  0 00 1 9 8  

22 08 181 X -35 2 0# 

22 08 183 RCL5 36 05 2/62 

36  05 185 0 #0 204 

22 08 187 + -55  206 

22 #8 189  PRTX -14  208 

" 36 (b6 1 9 1  *LBL8 __  ~ 21 8 _ -  ~ ~ ~ ~ 

16-34 18 0 0 00 1 9 9  

16-45 18 2 + -55 201 

09  184 1 01 203 

16-34  186 X -35 205 

16-45 188 DSPB -63 @(b 2 07 

c39 190  RTN 24  209 

"1 - 

RCL4 
DSPg 
PRTX 
RCL5 
PRTX 
RCL6 
PRTX 

RTN 
*LBL 9 

RCL7 
DSPO 
PRTX 
RCL8 
PRTX 
RCL9 
PRTX 

RTN 
R/ S 

36 $4 
-63 68 

36 05 

36  06 

24 
2 1   0 9  
36  07 

-63 00 

36 08 

36  09 

24 
51 

-14 

-14 

-14 

-14 

-14 

-14 

~ . =  ~ 
~- ~ 

Program 3: Te t r agona l   Sys t em  Crys t a l  Parameters 

Program  use-  This  program i s  used t o   c a l c u l a t e  d s p a c i n g s   o f   c r y s t a l  
p l a n e s ,   i n t e r p l a n a r   a n g l e s  ($),  i n t e r z o n a l   a n g l e s  (p) ,  and c e l l   e d g e s   f o r   t h e  
t e t r a g o n a l   c r y s t a l   s y s t e m .  The a p p l i c a b l e   f o r m u l a s  are: 

d = -  a c  

[ c 2 ( h 2  + k 2 )  + a 2 1 2 ]  
"_ = ~ ~ 

1: (h: + k:) - l:(hg + k z )  
a = d , h 2  

d z l z  - d:l: 

1 

a2 - d 2 ( h 2  + k 2 )  
c = ad1  1 

[ (h: + k:)/a2 + 1:/c2]1/2 [ (h$ + k $ ) / a 2  + 1 z / c 2 ]  

V e r t i c a l   l i n e s   i n   t h e   f o r m u l a s   i m p l y   a b s o l u t e   v a l u e s .  
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The i n p u t   a n d   o u t p u t   p a r a m e t e r s  are: 

Label  A 
Card 1 
C a l c u l a t e  d 

. - .  

Labe l  B 
Card 3 
C a l c u l a t e  a , c  

Label  C 
Card 1 
C a l c u l a t e  a l l  
p o s s i b l e   d ' s  
w i t h i n  limits 

NOTE: h<k  
Reg. 7<8 

Labe l  D 
Card 2 
C a l c u l a t e   a n g l e  
( 4 )  between 
c r y s t a l   p l a n e s  

Labe l  E 
Card 2 
C a l c u l a t e   a n g l e  
( p )  between 
c r y s t a l   z o n e s  

Input  par.ame.ters . . .  . Output   parametersU 
k e - g i s t e r  1- a d o r  d 
R e g i s t e r  3- c h k l  h 
R e g i s t e r  4- h  k 
R e g i s t e r  5- k 1 
R e g i s t e r  6- 1 

R e g i s t e r  4- hl  
R e g i s t e r  5- kl 
R e g i s t e r  6-  1, 
R e g i s t e r  7- h2 
R e g i s t e r  8- k 2  
R e g i s t e r  9- 1, 
R e g i s t e r  D- d l  
R e g i s t e r  E- d, 

R e g i s t e r  1- a 
R e g i s t e r  3- c 
R e g i s t e r  7- l a r g e s t  h 

t o   b e   p r i n t e d  
R e g i s t e r  8- l a r g e s t  k 

t o   b e   p r i n t e d  
R e g i s t e r  9- l a r g e s t  1 

t o   b e   p r i n t e d  
R e g i s t e r  E- on ly  d 

v a l u e s   l a r g e r   t h a n  
t h i s   p r i n t e d  

R e g i s t e r  1- a 
R e g i s t e r  3- c 
R e g i s t e r  4- h ,  
R e g i s t e r  5- k l  
R e g i s t e r  6- 1, 
R e g i s t e r  7- h, 
R e g i s t e r  8- k, 
R e g i s t e r  9- 1, 

R e g i s t e r  1- a 
R e g i s t e r  3- c 
R e g i s t e r  4- u1 
R e g i s t e r  5- vi 
R e g i s t e r  6- w1 
R e g i s t e r  7- u2 
R e g i s t e r  8- v2 
R e g i s t e r  9- w2 

a 
C 

d 
h k l  

P o r  P 
ulvlwl u1 
u v w  2 2 2  v1 

W ,  
1 

u2 
v2 
w2 

less 
1 (u ,  

k ,   and  1 (u ,  v, and w) are z e r o   o r   p o s i t i v e   a n d  
.O, o u t p u t  is i n   t h e  f o r m   h k l   ( u v w ) .   I f   h ,   k ,   o r  

are n e g a t i v e ,   o r   g r e a t e r   t h a n  9 ,  o u t p u t  is i n   t h e  

form k o r  v ( i . e . ,   v e r t i c a l   r a t h e r   t h a n   h o r i z o n t a l   f o r m a t ) .  
h u  

1 w  
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This   p rog ram  can   be   execu ted  as many times as d e s i r e d   b y   s t o r i n g   t h e  
i n d i c a t e d   i n p u t   c r y s t a l   p a r a m e t e r s   i n   t h e i r   r e s p e c t i v e   r e g i s t e r s ,   a n d   t h e n  
p u s h i n g  the a p p r o p r i a t e   l a b e l   b u t t o n  (e. g. , push  A f o r   L a b e l   A ) .  The ac ; tua l  
program fo l lows .  

GSB5 
FIX 

DSP4 
SPC 

P RTX 
*LBLl 

FIX 
DSPg 

9 
RCL 4 
X>Y? 
GTO 8 
X<@? 
GTO 8 

9 
RCL5 
X>Y? 
GT08 
X< 0? 
GTO 8 

9 
RCL 6 
X>Y? 
GT08 
X<@? 
GT08 
RCL4 

1 
0 
0 

X 
+ 

RCL 5 
1 
0 

X 
+ 

PRTX 
RTN 

*LBLC 
RCL 8 
RCL7 
X>Y? 

R/  S 

23  05 
-11 

-63  04 
16-11 

- 14 
2 1  01 

-11 
-63 00 

09 
36  04 
16- 34 
22 08 

22 08 
09 

36  05 

22 08 

22 08 
09 

36 06 

22 08 

22 08 
36 414 

16-45 

16-34 

16-45 

16-34 

16-45 

01 
510 
041 

-35 
-55 

36 05 
01 
00 

-35 
-55 
-14 

24 
2 1   1 3  
36 08 
36  07 
16-34 

5 1  

04 8 
049 
050 
0 5 1  
05  2 
05  3 
054 
05  5 
05  6 
05  7 
858 
059 
060 
061  
062 
063 
064 
065 
066 
067 
1668 
069 
070 
071  
872 
073 
074 
075 
076 
077 
078 
079 
080 
081 
082 
083 
084 
085 
086 
087 
088 
089 
090 
091  

ST04 
ST05 
ST06 

RCL9 
RCL 6 
X=Y? 
GTOb 

1 
+ 

ST06 
*LBL7 

STOA 
GSB5 
RCLE 
X>Y? 
GTOe 

X+Y 
SPC 
FIX 

DSP4 
PRTX 
G S B l  
GTO0 

*LBLe 
1 

STOA 
*LBLb 

RCL 6 

GTOd 
*LBL4 

RCL8 
RCL5 
X=Y? 
GTOc 

1 + 
ST05 

ST06 

*LBLd 

*LBLO 

0 

X=#? 

51 

GT07 ' 

35  04 
35  05 
35  06 
2 1  00 
36  89 
36  06 

22 16 1 2  
01 

-55 
35  06 
2 1  O7 

00 
35 11 
23  05 
36  15 

22   16   15  

16-33 

16-34 

-41 
16-11 

-11 
-63  04 

-14 

22 00 

0 1  

23 01 

21   16   15  

35 11 
2 1  16  1 2  

36  06 

22   16   14  
2 1  04 
36 08 
36  05 

22   16   13  
01 

-55 
35  05 

00 
35 (46 
22  07 

2 1   1 6  1 4  

16-43 

16-33 

094 
095 
096 
097 
098 
5199 
100 
101 
102 
103 
104 
185  
106 
107 
108 
109 
110 
111 
112  
1 1 3  
114 
115  
116  
117 
118 
119 
120 
1 2 1  
122  
1 2 3  
124 
125 
126 
127 
128  
129  

131 
132  
1 3 3  
134  
135  
136  
137 

130  

GT04 
*LBLc 

RCL5 
RCL4 
X=Y? 

R / S  
RCL 7 
X=Y? 

R/  S 
X+Y 

1 
+ 

ST04 
ST05 

ST06 
GTO 7 

*LBL2 
RCL4 

RCL5 

0 

X2 

X2  
+ 

RTN 
*LBL5 

RCL 3 

GSB2 
X2 

X 

RCLl 
RCL6 

X 

X2 

J X  
+ 

RCLl  
RCL3 

X+Y 

RTN 

RCL4 
PRTX 

X 

- 

ycLBL8 

22 04 
2 1   1 6   1 3  

36 05 
36  04 

5 1  
36  07 
16-33 

5 1  
-4 1 

01 
-5 5 

35  04 
35  05 

0tJ 
35  06 
22  07 
2 1  0 2  
36  04 

53 
36  05 

53  
-55 

24 
21  05 
36 0 3  

5 3  
23  02 

-35 
36 01 
36  06 

-35 
53  

-55 
54 

36 01  
36 03 

-35 
-41 
-24 

16-33 

24 
21 08 
36  @4 

-14 
0 00 092 RCLA 36 11 138 RCL5 36  05 

10  



PRTX 
RCLG 

~. . 

*LBLD 
GSBe 

GSB4 
- 

- 

+ 
STOA 
GSB2 
RCLl  

X2  
- 

RCL 6 
RCL 3 

GSB6 
- 

- 

RCL 9 
RCE 3 

,kLBL 9 
- 

X2 
+ 
X 
J X  

RCLA 
XSY 
- 

cos-1 
SPC 
FIX 

DSP2 
PRTX 
G S B l  

9 
RCL7 
X>Y? 
GT07 
X< 0? 
GTO 7 

9 
RCL8 
X>Y? 
GTO 7 
X< 0? 
GT07 

9 
RCL 9 

. .  

-14 
. 36. ?6 

2 1   . i 4  
23 1 6   1 5  

23  04 
-24 
-55 

35 11 
23  02 
36 01 

53 
- 24 

36 06 
36 (63 

23  06 

36  89 
36  03 

- 24 
21  09 

53  
-55 
-35 

54 
36 11 

-41 
-24 

- 24 

-24 

-24 

1 6  42 
16-11 

-11 
-63  82 

-14 
23 01 

36  07 
09 

16-34 
22 07 

22  07 
09 

36 08 
16-34 
22  07 
16-45 
22  07 

09 
36  09 

16-45 

Card 
. .  

1. Tet ragonal   (Concluded)  
1 4 i  PRTX . -14 

i42~ ~ . . .R.TN 
24 

. . . . . . . . . . .  . . . "  ." 

Card   2 .   Te t ragonal  
048 
84  9 
05 0 
051 
052 
05 3 
054 
055 
05  6 
057 
058 
05 9 
060 
061  
062 
063 
fl64 
065 
066 
067 
(668 
069 
070 
071  
072 
073 
074 
075 
076 
077 
078 
07 9 
080 
081 
1682 
083 
084 
id85 
086 
087 
08 8 
08 9 
090 
091 
092 
093 
639 4 

. . "  

X>Y? 
GT07 
X<@? 
GT07 
RCL7 

1 
0 
0 

X 
+ 

RCL8 
1 
0 

X 
+ 

PRTX 
RTN 

JrLBLE 
GSBe 

RCL 6 
RCL 9 

RCL3 

X 

X 

X* 
X 

+ 
STOA 
GSB2 
R C E l  

X2 
X 

RCL 6 
RCL 3 

GSB6 

RCL9 
RCL 3 

GSB9 
RTN 

*LBLl 
FIX 

DSPg 
9 

RCL4 

X 

X 

X 

16-34 
". ~ ~ . .. 

22  07 

22  07 

01 
00 
00 

-35 
-55 

36 08 
01 
00 

-35 
-55 
-14 

24 
2 1   1 5  

23  16  15 
-35 

36 06 
36  09 

-35 
36 03 

53 
-35 
-55 

35 11 
23  02 
36 01 

53 
-35 

36  06 
36 03 

-35 
23  06 

-35 
36  09 
36 03 

-35 
23  09 

24 
2 1  01 

-11 
-63 00 

09 
36  04 

16-45 

36 07 

095 
096 
097 
098 
099 
100 
101 
102 
103 
104 
1 0 5  
106 
107 
108 
109 
110 
111 
112 
1 1 3  
114 
115  
116 
117 
118 
119 

1 2 1  
122 
1 2 3  
124 
125  
126  
127 
128 
129  
130  
1 3 1  
132 
1 3 3  
134 
1 3 5  
136  
137 
138 
139  
140 
1 4 1  

120 

X>Y? 
GT08 
X< 0? 
GT08 

9 
RCL5 
X>Y? 
GT08 
X< 0? 
GT08 

9 
RCLG 
X>Y? 
GT08 
X< (b? 
GT08 
RCL4 

1 
0 
0 

X 
+ 

RCL5 
1 
0 

X 

+ 
PRTX 

RTN 
JrLBL2 

RCL4 
X2  

X2  
RCL5 

+ 
RTN 

kLBL3 
RCL7 

RCL8 
X2 

X2  
+ 

RTN 
kLBL4 
RCL6 
RCL9 

X 

16-34 
22 08 

22 08 
09 

36  05 
16-34 
22 08 

22 08 
09 

36  06 

22 08 

22 '$8 
36  04 

0 1  
00 
00 

16-45 

16-45 

16-34 

16-45 

-35 
-55 

36 85 
01 
00 

-35 
-55 
-14 

24 

36  04 
53  

36  05 
53  

-55 
24 

2 1  03 
36 07 

5 3  
36 08 

53 
-55 

24 
21  04 
36 06 
36  09 

-35 

21  02 
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142 RCL3 
1 4 3  X2 
144 RTN 
145 *LBL6 
146  X2 
14  7 + 
148 GSB3 
149  RCLl 
1 5  0 X2 
1 5 1  RTN 
152 *LBL7 
1 5 3  RCL7 
154 PRTX - " 

Card.  2.   Tetragonal.  _(_Cpncluded.) 
-36 0 3  155 RCL8 36 d8 i6i RTN 

53 156  PRTX -14 168  *LBLe 
24  157 RCL9 36  09 169  RCL4 

158  PRTX -14 170  RCL7 
53  24 171  X 

-55  160 *LBL8 2 1  08 172  RCL5 
21 " 159 RTN 

23 03 1 6 1  RCL4 36 564 1 7 3  RCL8 
36 01 162  PRTX -14  174 X 

53   163  RCL5 36  05  17 5 + 
24 164 PRTX -14 1 7 6  RCLl 

36  07 166 PRTX -14 178  RTN 
21   07   165  RCL6 36  06  177 X2 

. ~ ~ _ _ " _ _ " - i " - -  
-14 - - -~~ 

. .  

24 
21 1 6   1 5  

36  04 
36  07 

-35 
36  05 
36 08 

-35 
-55 

36 01 
53  
24 

- " . ~. 

kLBLB 

ST00 
STOC 

*LBLa 
GSB2 
RCL9 

0 

X2 
X 

GSB3 
RCL 6 

X2 
X 
- 

X=@? 
GTO 9 
RCLE 
RCL 9 

X 
X2 

RCLD 
RCL 6 

X 
X2 
- 
- 

AB S 
JX 

RCLD 
X 

RCLE 
X 

FIX 
DSP4 
PRTX 
STOA 

-51 
00 

35 00 
35 13 

2 1   1 6  11 
23 162 
36  09 

53  
-35 

23  03 
36  06 

53  
-35 
-45 

16-43 
22 09 
36 1 5  
36  09 

-35 
53  

36 14  
36  06 

-35 
53  

-45 
-24 

1 6  31 
54 

36  14 
-35 

36 1 5  
-35 
-11 

-63  04 
-14 

35 11 

X= 0 ? 
GT06 

*LBL4 
RCLA 

X2 
GSB2 
RCLD 

X2 
X - 

X= 0? 

1/x 
JX 

GT06 

ABS 

RCLA 
X 

RCLD 

RCL 6 
X 

X 

FIX 
PRTX 

RTN 
*LBL6 

RCLC 
X# 0 ? 

R /  S 
GSBe 

1 
STOC 
GT04 

*LBL9 
RCLg 
X#@? 

16-43 
22  06 
21  04 
36 11 

53 
23  02 
36   14  

5 3  
-35 
-45 

16-43 
22 06 

52 
1 6   3 1  

54 
36 11 

-35 
36  14 

-35 
36  06 

-35 
-11 
-14 

24 
21  06 
36 1 3  

5 1  
23   16   15  

35 13 

16-42 

01 

22 04 
21  09 
36 00 
16-42 

GSBe 
GTOa 

*LBLe 
RCL4 
ST01 
RCL5 
ST02 
RCL6 
ST03 
RCL7 
ST04 
RCL8 
ST05 
RCL9 
ST06 
RCLl  
ST07 
RCL2 
ST08 
RCL3 
ST09 
RCLD 
ST00 
RCLE 
STOD 
R C L ~  
STOE 

RTN 
*LBL2 

RCL4 

RCL5 
X2 

X2 
+ 

RTN 

2 3   1 6   1 5  
22 1 6  11 
2 1   1 6   1 5  

36-  04 
35 01 
36  05 
35  02 
36  06 
35 03 
36  07 
35  04 
36 08 
35  05 
36  89 
35 06 
36 01 
35 07 
36  02 
35 08 
36 03 
35  09 
36  14 
35 00 
36  15 
35  14 
36 00 
35   15  

24 

36  04 
53  

36  05 
53  

-55 
24 

2 1  02 

1 2  

I 



1.0.9 . .*.L.B~.3. . . . . Card- 3. Tetragonal  (Concluded) 
21 $3 - 112  RCLS '36- $8 115  RTN 24 

110 KCE7 36 07 113 X2 53  116 R/S 51 
111 . . ~ X2 53 114 + -55 

. .  . .  . . . . . . . . .  . . . 

Program 4 :  Orthorhombic  System  Crystal  Parameters 

Program  use-  This  program  is  used  to  calculate d spacings  of  crystal 
planes,  interplanar  angles (+), interzonal  angles ( p ) ,  and  cell  edges  for  the 
orthorhombic  crystal  system.  The  applicable  formulas  are: 

1 h2 k2 l2 
d2 a2  b2  c2 

- + - + -  "- 

d:dzd: [ (h:l; - h;l:)  (k:l: - k:l:) - (k:l: - k:l;) (h212 - h:l:)] 
>2 = " 3 1  

~ ~~ . "  . ~ .. . .~ 

The  input  and  output  parameters  are: 

. . .  " 

Label A 
Card 1 
Calculate d 

Label B 
Card 2 
Calculate  a,b,c 

. Input-  parameters- . 

Register 1- a 
Register 2- b 
Register 3- c 
Register 4- h 
Register 5- k 
Register 6- 1 
Register 1- h, 
Register 2- k, 
Register 3- 1, 
Register 4-  h, 
Register 5- k2 
Register 6- 1, 

~ ~~~~ 

. .  . . .  . .  - 

Output  parameters a 
d or d 
hkl  h 

k 
1 

a 
b 
C 

13 



" " 

Labe l  C 
Card 1 
C a l c u l a t e  a l l  
p o s s i b l e   d '  s 
w i t h i n  limits 

Labe l  D 
Card 3 
C a l c u l a t e   a n g l e  
(4) between 
c r y s t a l   p l a n e s  

Labe l  E 
Card 3 
C a l c u l a t e   a n g l e  
(p )  between 
c r y s t a l   z o n e s  

O u t p t   p a r a m e t e r g  a 
~ ~~ 

d 
hkl 

~ I n p u t  parameters 
R e g i s t e r  7- h3 
R e g i s t e r  8- k3 
R e g i s t e r  9- l3 
R e g i s t e r  A- d l  
R e g i s t e r  B- d, 
R e g i s t e r  C- d 3  

R e g i s t e r  1- a 
R e g i s t e r  2- b 
R e g i s t e r  3- c 
R e g i s t e r  7- l a r g e s t  h 

t o   b e   p r i n t e d  
R e g i s t e r  8- l a r g e s t  k 

t o   b e   p r i n t e d  
R e g i s t e r  9- l a r g e s t  1 

t o   b e   p r i n t e d  
R e g i s t e r  E- o n l y  d 

v a l u e s   l a r g e r   t h a n  
t h i s   p r i n t e d  

R e g i s t e r  1- a o r  
R e g i s t e r  2- b 
R e g i s t e r  3- c 
R e g i s t e r  4- h, 
R e g i s t e r  5- k, 
R e g i s t e r  6- 1, 
R e g i s t e r  7- h, 
R e g i s t e r  8- k2  
R e g i s t e r  9- 1, 

R e g i s t e r  1- a P o r  
R e g i s t e r  2- b U l V l W 2  
R e g i s t e r  3- c u2v2w2 
R e g i s t e r  4- u1 
R e g i s t e r  5- v,  
R e g i s t e r  6- w; 
R e g i s t e r  7- u2  
R e g i s t e r  8- v2 
R e g i s t e r  9- w2 

aIf h,   k ,   and 1 (u,  v, and w) are 0 o r   p o s i t i v e   a n d  less 
t h a n  10, o u t p u t  i s  i n   t h e   f o r m   h k l   o r   u l v l w l   o r   h l k l l l .   I f  
h ,   k ,   o r  1 (u ,  v ,  o r  w) are n e g a t i v e ,   o r   g r e a t e r   t h a n  9 ,  

o u t p u t  i s  i n   t h e   f o r m  k o r  v ( v e r t i c a l   r a t h e r   t h a n   h o r i z o n t a l  

f o r m a t ) .  

h u  

1 w  

This   p rogram  can   be   executed  as many times as d e s i r e d   b y   s t o r i n g   t h e  
i n d i c a t e d   i n p u t   c r y s t a l   p a r a m e t e r s   i n   t h e i r   r e s p e c t i v e   r e g i s t e r s ,   a n d   t h e n  
p u s h i n g   t h e   a p p r o p r i a t e   l a b e l   b u t t o n   ( e . g . ,   p u s h  E f o r   L a b e l  E ) .  The a c t u a l  
program  fo l lows .  
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*LBLA 
GSBl 

*LBLa 
SPC 

PRTX 
DSPg 

9 
RCL4 
X>Y? 
GT09 

GTO 9 
9 

RCL 5 
X>Y? 
GT09 
X<@? 
GT09 

9 
RCL 6 
X>Y? 
GT09 

GTO 9 
RCL4 

1 

X< 0? 

X < 0 ?  

0 
0 

X 
+ 

RCL5 
1 
0 

X 
+ 

PRTX 
RTN 

*LBL9 
RCL4 
PRTX 
RCL5 
PRTX 
RCL6 
PRTX 

RTN 
*LBLC 

ST04 
0 

2 1  11 
23 Ibi 

2 1   1 6  11 
1 6 - i i  

-14 
-63 013 

09 
36  04 
16-34 
22 09 

22 09 
09 

16-45 

36 635 
16-  34 
22 09 
16-45 
22-09 

09 
36 06 

22  09 

22  09 
36 164 

01 
00 
00 

-35 
-55 

36  05 
01 
00 

16-34 

16-45 

-35 
-55 
-14 

24 
21  09 
36  04 

36  05 

36 06 

24 
2 1   1 3  

00 
35  04 

-14 

-14 

-14 

Card 
$4 9 
050 
651 
052 
053 
054 
055 
05  6 
057 
058 
05  9 
060 
061  
062 
063 
064 
(665 
066 
067 
068 
069 
070 
071 
072 
073 
074 
075 
076 
077 
078 
079 
080 
081 
082 
083 
084 
085 
086 
087 
088 
089 
090 
091  
092 
093 
094 
095 
096 

1. Orthor-hombic 
ST05 
ST06 35  06 
STOA 35 11 

RCL9 36  09 
RCLG 36  06 
X=Y? 16-33 
GTOb 22 1 6   1 2  

1 01 
+ -55 

ST06 35  06 

STOB 35  12 
*LBL7 21  07 

STOA 35 11 
GSBl 23 0 1  
RCLE 36 15  
X>Y? 16-34 
GT03 22 03 

X+Y -41 
GSBa 23  16 11 
GTO0 22 00 

*LBLb 2 1   1 6   1 2  
RCLG 36 (66 

GT04 22 04 
*LBL5 21  05 

RCL8 36 08 
RCL5 36  85 
X=Y? 16-33 
GTOc 22 1 6   1 3  

1 01 
+ -55 

ST05 35  05 

ST06 35  06 
GTO 7 22 07 

*LBLc 2 1   1 6  13 
RCL5 36  05 

GT06 22  06 
*LBL8 2 1  08 

RCL7 36  07 
RCL4 36  04 
X=Y? 16-33 

R/ S 51 

".  

35  05 

*LBL@ 2 1  00 

0 00 

0 00 

X=@? 16-43 

0 00 

X= @? 16-43 

1 91 

097 
098 
099 
100 
101 
102 
103 
104 
105  
1166 
107 
108 
109 
110 
111 
112 
1 1 3  
114 
1 1 5  
116 
117 
118 
119  
120 
12  1 
122 
1 2 3  
124 
125  
126 
127 
1 2 8  
129 
1316 
1 3 1  
132 
1 3 3  
134 
135  
136  
137 
138  
139  
140  
1 4 1  
142 
1 4 3  

+ 
ST04 

ST05 
ST06 

1 
STOB 
GT07 

*LBLl 
DSP4 
RCL4 
RCL 1 

0 

- 
X2 

RCL5 
RCL2 

- 

X 2  
+ 

RCL6 
RCL3 

- 

X 2  

1/x 
J X  

+ 

RTN 
*LBL3 

1 
STOA 
GTOb 

*LBL4 
RCL9 

GTOc 
RCLA 

GTOc 
GT05 

*LBL6 
RCL8 
X#@? 

R/  S 
RCLB 
X#@? 

R/  S 
GT08 

X#@? 

X# 0? 

-5 5 
36  04 

00 
35  05 
35  06 

01 
35  12  
22  07 
2 1  01 

36  04 
36 01 

-24 
53  

36  05 
36  02 

-24 
53  

-5 5 
36  06 
36 03 

-24 
53  

-55 
52 
54 
24 

2 1   0 3  
01 

-63  04 

35 11 
22 1 6   1 2  

36  09 

22 1 6   1 3  
36 11 

22   16   13  
22  05 
21  06 
36 08 

5 1  
36 1 2  

5 1  
22 08 

21 04 

16-42 

16-42 

16-42 

16-42 

15 
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Card  2.  Orthorhomb-ic = . .- - _ _ _  
(352 R C L ~  3 6  0 0  i03 + -5 5 *LBLB 

SP c 
P=+S 

ST09 
P+S 

DSP4 
GSB4 

*LBL8 
RCL 7 
RCL3 
GSBl 
RCLl 
RCL9 
GSB2 
RCLA 
RCLC 
GSB3 
ST01 
RCL2 
RCL 9 
GSBl 
RCL 8 
RCL 3 
GSB2 
RCLA 
RCLC 
GSB3 
ST00 
RCLB 
RCLG 
GSBl 

0 

R C L ~  
X 

RCLC 
RCL 9 
GSBl 
RCLE 
RCLD 

- 
X 
+ 

RCLA 
RCL 3 
GSBl 
RCLE 

X 
- 

X=@? 
GT07 
RCLD 

2 1   1 2  
16-11 
16-51 

00 
35 09 
16-51 

-63  04 
23 04 
2 1  08 
36  07 
36 03 
2 3  01 
36 01  
36  09 
23  02 
36 11 
36 13  
2 3  03 
35  46 
36  02 
36  09 
2 3  01 
36 08 
36 03 
23  02 
36 11 
36 13 
2 3  03 
35 00 
3 6   1 2  
36  06 
23  0 1  
36 06 

-35 
36 1 3  
36  09 
23  01 
36 15 
36  00 

-45 
-35 
-55 

36 11 
36 563 
23  01 
3 6   1 5  

-35 
“45 

16-43 
22  07 
36 1 4  

X 

RCLE 
RCLI 

X 
- 

X= 0? 
GT07 
X=+Y 

ST00 
ABS 

- 

J X  
PRTX 

*LBLe 
RCLD 
R C L ~  

- 
RCL C 
RCL 9 
GSBl 

+ 
RCLB 
RCLG 
GSB2 
X=@? 
GTOa 
RCLE 

GTOa 
X=+Y 

ST01 
ABS 

PRTX 
*LBLc 

RCL7 

X=0? 

- 

J X  

X2 
R C L ~  

- 

RCL8 
X2 

RCLI 
- 

+ 
RCLC 

X2 
X 

CHS 

-35 
36 15 
36  46 

-35 
-45 

16-43 
22  07 

-41  
- 24 

35 00 
1 6  31 

54 
-14 

2 1   1 6  15 
36   14  
36 00 

-24 
36 13 
36  09 
23  01 

-55 
36 1 2  
36  06 
23  02 

22 1 6  11 
36 15 
16-43 

22   16  11 

. .  

16-43 

-41 
-24 

35  46 
1 6  31 

54 
-14 

2 1   1 6  13 
36  07 

53 
36 00 

-24 
36 08 

5 3  
36  46 

-24 
-55 

36 13  
53 

-35 
-22 

1164 
105 
106 
107  
108 
109  
110 
111 
112  
113 
114 
115  
116 
117 
118 
119  
1 2 0  
1 2 1  
122 
1 2 3  
124 
125  
126  
127 
1 2 8  
129  
1 3 0  
131 
132 
133 
134 
135  
136 
137 
138 
139  
1 4  0 
1 4 1  
142 
1 4 3  
144 
145  
1 4  6 
147  
1 4 8  
149  
1 5 8  
1 5 1  
15 2 

X=@? 
GTOb 
RCLC 
RCL 9 
GSBl 
X=@? 
GTOb 

X=+Y 

ABS 

- 

J X  
PRTX 

RTN 
*LBLl 

X 

X2 
RTN 

*LBL2 
X 

X2 
- 

RTN 
*LBL3 

X 

X2  
X 

RTN 
*LBLa 

GSBd 
GTOe 

*LBLb 
GSBd 
GTOc 

*LBL7 
GSBd 
GT08 

*LBLd 
P=S 

6 
RCL9 
X=Y? 

R /  S 
1 

+ 
ST09 
F S  

RCLA 
RCLl  
RCL2 

16-43 
2 2   1 6   1 2  

36 13 
36  09 
2 3  01 

2 2   1 6   1 2  
16-43 

-41 
-24 

1 6  31 
54 

-14 
24 

-35 
53 
24 

21  02 
-35 

5 3  
-45 

24 
2 1  03 

-35 
5 3  

-35 
24 

2 1   1 6  11 
2 3   1 6  1 4  
2 2   1 6   1 5  
2 1   1 6   1 2  
2 3   1 6   1 4  
22 1 6  13  

21  07 
2 3   1 6   1 4  

22 08 
2 1   1 6   1 4  

06 
36  09 

51 

-55 

16-51 

21  01 

16-51 

16-33 

01 

35  09 

36 11 
36 01  
36  02 

1 6  



154- 
1 5  5 
156  
15 7 
158  
1 5  9 
1 6 0  
1 6 1  
162  
1 6 3  
164 
1 6 5  
166  
167 
168  
169 
170  
1 7 1  
172 
1 7 3  
174 - " 

. .  

F S -  
ST01 

RJ. 
ST02 

R.l 
ST03 

R.l 
ST04 

p?'S 
RCLC 
STOA 
RCL 7 
ST01 
RCL8 
ST02 
RCL9 
ST03 
RCLB 
STOC 
RCL4 
ST07 

GSB6 

GSBd 
- 

- 

+ 
GSBe 
- 
+ 

ST00 
RCL4 
RCLl 

- 

X2 
RCL5 
RCL2 

- 

X2 
+ 

RCLG 
RCL3 

- 
X2 
+ 

RCL7 
RCLl  

- 
X2 

. .  - .  

- i -l-6".5i Card - - - -. 2.  Orthorhombic  (Concluded) 
175 ~ X C L 5  

. ~ -  

36 85 

35 177 
1 7  6 

-31 
35  02  178 

-31 17 9 
35 0 3  180 

- 31 181 
35  04  182 
16-51 183 
36 13 184 
35 11 185 
36 07 186 
35 01 18 7 
36 08 188 
35  02 18 9 
36  09  190 
35 03 1 9 1  
36 12   192  
35   13   19  3 
36  04  194 

ST08 
RCL6 
ST09 
F S  

RCLl 
RCL2 
RCL3 
RCL4 

F S  
STOB 

RJ. 
ST04 

RJ. 
ST05 

R.1 
ST06 
GSB4 

RTN 
*LBL4 

35 08 
36  06 
35  09 
16-51 
36 61 
36  02 
36 03 
36  04 
16-51 
35   12  

-31 
35  04 

-31 
35  05 

-31 
35  06 
23  04 

24 
2 1  04 

- Card " g- " 3.. .R.c-L~ Orthorhombic . " . 

3 6  -08 .. . 

2 1 1 4  
23  06 

-24 
23   16   14  

-24 
-55 

23   16   15  
-24 
-55 

35 00 
36  04 
36 0 1  

-24 
5 3  

36  05 
36  02 

-24 
53  

-5  5 
36  06 
36 03 

-24 
5 3  

-55 
36  07 
36 01 

-24 
. "" 5 3. 

030 RCL2 
031 
032 X2 
033 + 
034 RCL9 
6335  RCL3 
836 
037 *LBL5 
038 X2 
039 + 
04 0 X 

041  JX 
042 R C L ~  
043 X*Y 
044 
(645 cos-1 

047 SYC 

- 

- 

- 

046 DSP2 

048 PRTX 
049 DSPg 

051 RCL4 

053 GT09 
054 X<0? 
055 GT09 
$56 . . " 9 

050 9 

052 x>Y? 

36  02 
-24 

5 3  
-55 

36  09 
36 163 

-24 

53 
-55 
-35 

54 
36 00 

-41 
-24 

2 1   8 5  

16  42 
-63  02 

16-11 
-14 

-63 80 
09 

36  84 
16-34 
22  09 

22  09 
16-45 

RCL6 36 06 
GSBl 23 81 
RCL4 36  04 
RCL9 36  09 
GSB2 23  02 
RCLB 36 1 2  
RCLC 36 13  
GSB3 23 163 
STOD 35   14  
RCL5 36  05 
RCL9 36  09 
GSBl  23 01 
RCL8 36 08 
RCE6 36  06 
GSB2 23  02 
RCLB 36  12 
RCLC 36 1 3  
GSB3 23 03 
STOE 35 1 5  

RTN 24 
~ " ~ - "  

__ 
R C L J  36  05 
X>Y? 
GT09 
X< 0? 
GT09 

9 
RCLG 
X>Y? 
GT09 
X< 0? 
GT09 
RCL4 

1 
0 
0 

X 

+ 
RCL5 

1 
0 

X 

+ 
PRTX 

*LBL4 
9 

RCL7 
X>Y? 

16-34 
22 09 
16-45 
22  09 

09 
36  06 
16-34 
22 09 

22 09 

01 
00 
00 

-35 
-5  5 

36  05 

16-45 

36  84 

01 
00 

-35 
-55 
-14 

2 1  04 
09 

36 07 
16-34 



085 
08 6 
087 
08 8 
6389 
090 
091  
092 
093 
094 
095 
096 
097 
098 
099 
10Pi 
101 
l a 2  
103 
104 
105 
106 
107 
108 
109  
110 
111 
112 
113 
114 
1151 
116 
117 

X< 0? 
GT02 

9 
RCL8 
X>Y? 
GT02 
X<@? 
GT02 

9 
RCL 9 
X>Y? 
GT02 
X<@? 
GT02 
RCL 7 

1 
0 
B 

x 
+ 

RCL8 
1 
0 

X + 
PRTX 

RTN 
*LBLE 
GSB6 

X 

GSBd 
X 

+ 

16-45 
22  02 

09 
36 08 
16-34 
22  02 
16-45 
22  g2 

09 
36  09 
16-34 
22 02 

22 02 

01 
00 
00 

-35 
-55 

36 08 

16-45 

36 Pi7 

01 
00 

-35 
-55 
-14 

24 
2 1   1 5  
23  06 

-35 
23   16   14  

- 35 
-55 

3 .  Orthprhombic .~ (Concluded) . .  
119 
1 2 0  
a 21 
122 
1 2 3  
124 
125  
126  
127 
128  
129  
130 
131 
132 
133 
134 
135 
136 
137 
138 
139  
140 
1 4 1  
142 
1 4 3  
144 
145 
14   6  
147 
148 
149 
150  
1 5 1  

X + 
ST00 
RCL4 
RCLl 

X 

X2 
RCL 5 
RCL2 

X 
X2  
+ 

RCL 6 
RCL3 

X 

X2 
+ 

RCL7 
R C L l  

X 

X2  
RCL8 
RCL2 

X 
X2  
+ 

RCL 9 
RCL 3 

GT05 
*LBL6 

RCL4 
RCL7 

X 

. " "  

-35 
-55 

36  g4 
36 01 

-35 
5 3  

36  05 
36  02 

-35 
53 

-55 
36  06 
36 03 

-35 
53  

-55 
36  07 
36 01 

-35 
53  

36 08 
36  02 

-35 
53  

-55 
36  09 
36  03 

-35 

21  06 
36 04 
36  07 

35 00 

22  05 

153- R c L i  
. .  

154 X2 
155 RTN 
1 5 6  *LBLd 
157 RCL5 
158  RCL8 
15   9  X 

160  RCL2 
1 6 1  X2  
162  RTN 
1 6 3  *LBLe 
164 RCLG 
165  RCL9 
166 X 

167 RCL3 
168  X2 
169  RTN 
170 *LBL2 
1 7 1  RCL7 
172  PRTX 
1 7 3  RCL8 
174 PRTX 
1 7 5  RCL9 
176  PRTX 
177 RTN 
178  *LBL9 
179 RCL4 
180 PRTX 
181 RCL5 
182  PRTX 
1 8 3  RCLG 
184 PRTX 
185 GT04 

118 GSBe 23   16   15   152  X -35  186 R/S  

Program  5 :   Hexagonal   Sys tem  Crys ta l   Parameters  

- 3 6  $1 
53 
24 

2 1   1 6   1 4  
36 05 
36 08 

-35 
36  02 

53  
24 

2 1   1 6   1 5  
36  06 
36  09 

-35 
36  03 

53  
24 

21  02 
36  07 

-14 
36 08 

36  09 

24 

36 04 

36  05 

36  06 

-14 

-14 

21  09 

-14 

-14 

-14 
22 04 

~ 5 1  

Program  use-   This   program i s  used t o   c a l c u l a t e  d   s p a c i n g s   o f   c r y s t a l  
p l a n e s ,   i n t e r p l a n a r   a n g l e s  ($I), i n t e r z o n a l   a n g l e s  (p),  a n d   c r y s t a l   a x i s   l e n g t h s  
f o r   t h e   h e x a g o n a l   c r y s t a l   s y s t e m .  The a p p l i c a b l e   f o r m u l a s  are: 

d =  ac 

[ (4 /3 )c2   (h2  + hk + k2)  + a 2 1 2 ] 1 / 2  

18 



h,h, + klk2 + (1/2) (hlk2 + klh2) + (31112a2/4c2) 
{[h: + k: + hlkl + (3a21:/4c2)]  [hg + k: + h2k2 + (3a21$/4c2)]) 1 /2 

cos4 = . "  
.~~ 

The  input  and  output 

Label  a 
Card 1 
Calculate d 

Label B 
Card 3 
Calculate a, c 

Label C 
Card 1 
Calculate  all 
possible  d's 
within  limits 

NOTE: h<k 
Reg. 7<8 

Label D 
Card 2 
Calculate  angle 
(4 )  between 
crystal  planes 

parameters  are: 

Input  parameters"." 
Register. 1- a 
Register 3- c 
Register 4- h 
Register 5- k 
Register 6- 1 

Register 4- hl 
Register 5- k, 
Register 6- 1, 
Register 7- h2 
Register 8- ic, 
Register 9- 1, 
Register D- dl 
Register E- d2 

Register 1- a 
Register 3- c 
Register 7- largest  h 
to  be  printed 

Register 8- largest k 
to  be  printed 

Register 9- largest 1 
to  be  printed 

Register E- only d 
values  larger  than 
this  printed 

Register 1- a 
Register 3- c 
Register 4- h, 
Register 5- ki 
Register 6- 1, 
Register 7- h, 
Register 8- k, 
Register 9- 1, 

Output  parameters 
d or d 
hkl  h 

k 
1 

a 

a 
C 

d 
hkl 

19 



. " " l jnaut   parame-ters  
L a b e l  E R e g i s t e r  1- a 
Card 2 R e g i s t e r  3- c U l V l W l  U1 
C a l c u l a t e   a n g l e  R e g i s t e r  4- u1 u2v2w2 v1 
(p) between R e g i s t e r  5- v1 w1 
c r y s t a l   z o n e s  R e g i s t e r  6-  w1 u2 

R e g i s t e r  7- u2 v2 
R e g i s t e r  8- v2 w2 
R e g i s t e r  9- w2 

.~ ~. ~ ~. ~ . .  - . - "_ . - ~ ~ . .  . I - -  -~~ 
a 

~. . "  

I f   h ,  k, and 1 (u, v, and w) are 0 o r   p o s i t i v e   a n d  less 
t h e n  10, o u t p u t  i s  i n   t h e   f o r m   h k l  (uvw) . I f   h ,  k o r  1 (u ,  
v, o r  w) are n e g a t i v e ,   o r   g r e a t e r   t h a n   9 ,   o u t p u t  i s  i n   t h e  

form k o r  v . h u  

1 w  

This   p rogram  can   be   executed  as many times as d e s i r e d  by s t o r i n g   t h e  
i n d i c a t e d   i n p u t   c r y s t a l   p a r a m e t e r s   i n   t h e i r   r e s p e c t i v e   r e g i s t e r s ,   a n d   t h e n  

f o r   L a b e l  A ) .  The a c t u a l  p u s h i n g   t h e   a p p r o p r i a t e   l a b e l   b u t t o n   ( e . g . ,   p u s h  A 

- .  

G S B ~  
FIX 

PRTX 
*LBLc 

DSPO 
9 

RCL4 
X>Y? 
GTOa 

GTOa 
9 

RCL5 
X>Y? 
GTOa 
X<@? 
GTOa 

9 
RCLG 
X>Y? 
GTOa 

GTOa 
RCL4 

1 

X<@? 

X<@? 

0 
0 

23 00 
-11 
-14 

2 1   1 6  13  
-63 00 

09 
36  04 

22 1 6  11 

22 16  11 

36  05 

22 16  11 

22 1 6  11 

36 06 

22 1 6  11 

22 1 6  11 
36 04 

01 
00 
00 

16-34 

16-45 

09 

16-34 

16-45 

09 

16-34 

16-45 

$29 X -35 

20 

030 + 
031 RCL5 
032 1 
033 # 
034 X 

035 + 
036 PRTX 
037 RTN 
038 *LBLC 
039 RCL8 
040 RCL7 
041  X>Y? 
042 R/S 

044 STOA 
045 ST04 
046 ST05 
4147 ST06 
(348 *LBL5 
049 RCL9 
050 RCLG 
051  X=Y? 
052 GT09 

043 0 

053 1 
054 + 
055 ST06 
056 *LBL6 
057 0 
85_s . STOA 

-55 
36  05 

0 1  
08 

-35 
-55 
- 14 

24 
2 1  13 
36 08 
36  07 

5 1  
00 

35 11 
35  04 
35  05 
35 416 
21   05  
36  09 
36  06 

22 09 
01 

-55 
35  06 
2 1  416 

00 
35 11 

16-34 

16-33 

" . "  

059 G S B ~  
060 RCLE 
061  x>Y? 
062 G T O l  
063 X*Y 
064 SPC 
065 FIX 
066 PRTX 
067 GSBc 
068 GT05 
069 *LBLl 
070 1 
071  STOA 
#72 *LBL9 
4/73 RCLG 

075 GT02 
076 *LBL4 
077 RCL8 
078 RCL5 
079 X=Y? 
080 GT08 
#81 1 
082 + 
#83 ST05 
4184 0 
085 ST06 
086 GT06 
087 . *LBL2 .~ 

074 X=@? 

36 15  
16-34 
22 01 

-41 
16-11 

-11 
-14 

23   16   13  
22 05 
2 1  0 1  

01 
35 11 
2 1  09 
36  06 
16-43 
22  02 
21   04  
36 08 
36  05 
16-33 
22 08 

81 
-55 

35  05 
00 

35  06 
22  06 
2 1  (62 



RCLA 

GT04 
*LBL8 

RCL 5 
RCL4 
X=Y? 

R/ S 
RCL 7 
X=Y ? 

R/  S 
X+Y 

1 

X=@? 

+ 
sir04 

0 
ST05 

ST0 6 
~ GTO 6 

*LBLD 
GSB7 
RCL6 
RCL 9 

GSB8 
+ 

GSB9 
RCL 6 

GSB8 

X 

X2 

G S B ~  
+ 

RCL9 

GSB8 
GSBG 

+ 
GSB2 

RTN 
*LBLE 

GSB7 
CHS 

RCL6 
RCL 9 

RCL3 
RCLl 

X 2  

X 

- 

X2 

Card 
3 6  il 
16-43 
22 04  
2 1  08 
36 05 
36  04 

51 
36  07 

51 
-41 

0 1  
-55 

35 04 
35 05  

00 
35 06 
22 06 . . 

ii -14 

16-33 

16- 3 3 

. .  

23  07 
36  06 
36  09 

-35 
23  08 

-55 
23   89  
36 '$6 

53 
23  08 
23  08 

-55 
36  89 

5 3  
23  08 
23  06 

-55 
23   02  

24 
2 1  15 
23  87 

-22 
36  06 
36  09 

-35 
36 03 
36 01 

-24 
5 3  

1. Hexagonal  (C-oncluded) . 

108 GSBb 2 3   1 6   1 2   1 2 7  
io7  -*LBL@- 2 1  00 1 2 6  

109  4 04   128  
110 X -35 129  
111 3 03 130 
112 - -24 131 
113 RCLl 36 01 132 
114  X2  53 133 
115 - -24  134 
116  RCL6 36  06  135 
117  RCL3 136  

. . .  

118 - 36 -24 p3 137  
119  X2  53  138 
120  + -55 139  
1 2 1  1/x 52 140  
1 2  2 J X  54 1 4 1  

~. 125  . . . ~. RCL4 . . - .  3% ?A. . . ~ 

1 2 3  RTN 24 142 
124 *LBLa 2 1   1 6  11 1 4 3  

031 
032 
033 
034 
035 
(636 
037 
038 
039 
040 
041 
042 
043 
044 
045 
046 
04 7 
(648 
049 
050 
051 
052 
053 
4)54 
055 
056 
057 
058 
05 9 

X 
+ 

GSB9 
RCL 3 
R C L l  

- 

RCL 6 
X 

X2  
G S B ~  

- 
RCL 3 
RCEl 

- 

RCL 9 
X 

X2 
GSBG 

GSB2 
RTN 

*LBL6 
RCL7 

- 

X 2  
+ 

RCL 8 
X 2  
+ 

RCL 7 
b60 RCL8 

-55 
23  09 
36 03 
36 01 

-24 
36  06 

-35 
53  

23  00 
-45 

36 03 
36 01 

-24 
36  09 

-35 
5 3  

23  06 
-45 

23  02 
24 

2 1  06 
36  07 

53  
-55 

36 08 
5 3  

-55 
36  07 
36  08 

" 

PRTX -14 
RCL5 36  05 
PRTX - 1 4  
RCL6 36  06 
PRTX -14 

RTN 24 
*LBLb 2 1   1 6  12 

DSP4 -63  04 
RCL4 36  04 

RCL4 36  04 
RCL5 36 05 

X -35 
+ -55 

RCL 5 36  05 

+ -55 
RTN 24 

X2 53 

X2 53 

. .  ~ 

X 
RTN 

*LBL2 
X 

ABS 
J X  

R C L ~  
X=+Y 
- 

cos-1 
SPC 
FIX 

.D SP2 
PRTX 

*LBLa 
F I X  

DSPB 
9 

RCL4 
X>Y? 
GTOb 
x< 0? 
GTOb 

9 
RCL5 
X>Y? 
GTOb 

GTOb 
x< 0? 

-35 
24 

-35 
1 6  31 

54 
36 00 

-41 
-24 

21   02  

16   42  
16-11 

-11 
-63  02 

-14 
2 1   1 6  11 

-11 
-63 00 

09 
36  04 

22 1 6   1 2  
16-45 

22 1 6   1 2  
09  

36  05 
16-34 

22 1 6   1 2  

22 1 6   1 2  

16-34 

16-45 

2 1  



"_ - __- Card  2.   Hexagonal  (Cqnqludedl 
091  RCLG 36 06  128 GTOd 22   16   14  iG" 2 

. " - 

092 
4193 
4194 
#95 
096 
097 
098 
#99 
100 
181 
102  
1 8 3  
104 
105 
106 
107  
108 
109 
110 
111 
112 
1 1 3  
114 
115 
116 
117 
118 
119 
120 
1 2 1  
122 
123  
124 
125 
126 

X>Y? 
GTOb 
X<@? 
GTOb 
RCL4 

1 
0 
0 

X 
+ 

RCL 5 
1 
0 

X 
+ 

PRTX 
GTOc 

*LBLb 
RCL4 
PRTX 
RCL5 
PRTX 
RCL 6 
PRTX 

*LBLc 
9 

RCL7 
X>Y? 
GTOd 
X< (b? 
GTOd 

9 
RCL8 
X>Y? 
GTOd 

16-34 
22 1 6  1 2  

22   16   12  
36  $4 

01 
00 
00 

-35 
-5  5 

36  05 
81 
08 

16-45 

-35 
-55 
-14 

22  16 13  
21   16   12  

36 04 

36  05 

36  06 

2 1   1 6   1 3  
09 

36 07 

22 1 6   1 4  
16-45 

22 1 6   1 4  
89 

36 08 

22 1 6   1 4  

-14 

-14 

-14 

16-34 

16-34 

129 
130 
131 
132 
13 3 
134 
135  
1 3 6  
137 
138 
139  
140 
1 4 1  
142  
1 4 3  
144 
145 
146 
147 
14  8 
149 
158 
1 5 1  
152 
1 5  3 
154 
155 
1 5  6 
1 5  7 
158  
1 5  9 
160 
1 6 1  
162 
1 6 3  

9 
RCL9 
X>Y? 
GTOd 

GTOd 
RCL7 

1 

X<0? 

0 
0 

X 

+ 
RCL8 

1 
0 

X 

+ 
PRTX 

RTN 
*LBLd 

RCL7 
PRTX 
RCL8 
PRTX 
RCL9 
PRTX 

RTN 
*LBL7 

DSP4 
RCL4 
RCL8 

RCL5 
RCL7 

X 

X 

09 
36  09 

22   16   14  
16-45 

22 1 6  1 4  
36  07 

01 
00 
## 

-35 
-55 

36 08 

16-34 

01 
00 

-35 
-55 
-14 

24 
2 1   1 6   1 4  

36  07 

36 08 

36 09 

24 
2 1  07 

-63  04 

-14 

-14 

-14 

36  04 
36 08 

-35 
36 05 
36  07 

-35 

166 
167 
168  
169  
170  
1 7 1  
1 7  2 
1 7  3 
174 
1 7 5  
176  
177 
178  
179 
180 
181 
18 2 
1 8 3  
184 
185 
186 
187 
188 
189 
190  
1 9 1  
192 
193  
194 
195  
196  
197 
198 
199  
200 

- 

RTN 
*LBL8 

RCLl  
RCL 3 

- 

X2 
X 

3 

4 

RTN 
*LBL9 

RCL 5 
RCL8 

X 

- 

X 
+ 

RCL4 
RCL7 

X 

+ 
ST00 

RTN 
* L B L ~  

X2  
RCL4 

+ 
RCL5 

X2 
+ 

RCL4 
RCL5 

X 
RTN 

127 x<@? 16-45  164 + -"" -55. ~ . . . . .- ~ 

001 *LBLB 

003 STOA 
004 STOC 
085 *LBL8 
006 RCL7 

088 RCL7 
009 RCL8 

002 0 

007 X2 

010 X 

011 + 
012 RCL8 

-24 
24 

2 1  $8 
36 01 
36 @3 

-24 
53 

-35 
03 

-35 
04 

-24 
24 

21  09 
36  05 
36 88 

-35 
-5  5 

36 04 
36 07 

-35 
-5  5 

35 80 
24 

2 1  @0 
36  04 

53  
-5  5 

36  05 
53 

-5 5 
36 04 
36  05 

-35 
24 

-~ ~ Card 3. Hexagonal  ?_. 21 1 2  01 3 X2  5 3  -025 RCL6 3 6  -66 
08 1614 + -5  5 026 RCLD 36 1 4  

35 11 015 RCL6 36  06 (627 X -35 

~~ ~. .~ " 

35 1 3  016 X2  53  028 X2 53  
2 1  08 #17 X -35  029 RCL9 36  09 
36  07 018 GSBb 23  16  12  030 RCLE 36 1 5  

53  019 RCL9 36  09 031 X -35 
36  87  026 X* 53  032 X2 53 
36 08 021 X -35  033 - - 4.5 

-35 022 - -45 034 3 03 
-55 023 X=@? 16-43 035 X -35 

_ _  ~. 35. 168 ~ . - ??? ~ GEL 22 06. ~- " . .  @36 - _ _  i." - _ _ _  -24 

2 2  



037 
038 
039 
040 
041  
042 
043 
044 
045 
04 6 
04 7 
048 
049 
050 
851  
05 2 
053 
054 
05 5 
056 
057 
058 
05 9 
060 
061 
062 
063 
064 
065 
066 
067 
068 

ABS - 1 6  31 
JX 54 

2 02 
X -35 

RCLD 36   14  
X -35 

RCLE 36   15  
X -35 

ST00 35 00 
SPC 16-11 
FIX -11 

DSP4 -63 04 
PRTX -14 

*LBL 9 21  09 
RCL 6 36 06 

GTO 7  22  07 
GSBb 23   16   12  
RCLD 36 1 4  

X2 5 3  
X -35 

4 04 
X -35 

3 03 
-24 

R C L ~  36 00 
X2 53  

X=@? 16-43 

- 

- - 24 
CHS -22 

+ -55 
1 01 

X=@? 16.-  4.3 . 

Program  6:  

Card . .  3. Hexagonal  (Concluded) 
0 6 9  GT07. 

. .  

2 2  07 
1/x 

J X  
ABS 

RCL6 
X 

RCLD 
X 

FIX 
PRTX 

RTN 
*LBLb 

DSP4 
RCL4 

RCL4 
RCL 5 

X 2  

X 

+ 
RCL5 

X 2  
+ 

RTN 
*LBLe 

RCL4 
ST01 
RCL5 
ST02 
RCL 6 
ST03 
RCL7 

52 
16  31 

54 
36  06 

-35 
36  14 

-35 
-11 
-14 

24 
21. 1 6  1 2  

-63  04 
36  04 

53 
36  04 
36  05 

-35 
-55 

36  85 
53 

-55 
24 

2 1   1 6   1 5  
36  04 
35 01 
36  85 
35  02 
36  06 
35 03 
36 167 

101 
102  
1 0 3  
104 
1 0 5  
106 
107 
1%8 
109  
110 
111 
1 1 2  
113 
114 
1 1 5  
116  
117 
118 
119 

1 2 1  
122  
1 2 3  
124 
1 2 5  
126  
127 
128 
129  
130 
1 3  1 

120  

RCL8 
ST05 
RCL 9 
ST06 
RCLl 
ST07 
RCL2 
ST08 
RCL3 
ST09 
RCLD 
STOA 
RCLE 
STOD 
RCLA 
STOE 

RTN 
*LBL6 

RCLA 
X#@? 

R /  S 
GSBe 
GT08 

*LBL7 
RCLC 
X#@? 

R/  S 
GSBe 

1 
STOC 
GT09 

36 08 
35  05 
36 (69 
35  06 
36 01  
35  07 
36  02 
35 08 
36 03 
35  09 
36   14  
35 11 
36  15  
35   14  
36 11 
35   15  

24 
2 1  06 
36 11 

5 1  
23   16   15  

22 08 

36 1 3  

5 1  
2 3   1 6   1 5  

01 
35 13 
22 09 

16-42 

2 1  07 

16-42 

. .  . l?? . ST04 35 04 132  R / S  5 1  

Rhombohedral   System  Crystal   Parameters  

Program  use-   This   program i s  u s e d   t o   c a l c u l a t e  d s p a c i n g s  of c r y s t a l  
p l a n e s ,   i n t e r p l a n a r   a n g l e s ,   i n t e r z o n a l   a n g l e s ,   c r y s t a l   a x i s   l e n g t h ,   a n d  axial  
a n g l e   f o r   t h e   r h o m b o h e d r a l   c r y s t a l   s y s t e m .   T h e   a p p l i c a b l e   f o r m u l a s  are:  

" 1 (1 + cosa ){   (h2  + k2  + 12) - (1 - t a n 2 [ a / 2 ] )   ( h k  + k l  + l h )  1 
d 2   a 2 ( 1  + c o s a  - 2 c o s 2 a )  

- 

,2 = 4"""""" 2 [  (h2 + k2 + 12) (1 + c o s a )  - 2 (hk + k l  + 1 h ) c o s a I  
1 + c o s a  - 2 cos% 

23 



- 2d:(hlkl + k l l l  + llhl) 

where 

and 

U1U2 + V1V2 - (1/2) (U1V2 + V1U2) +W,W,(9 - 12 sin2(a/2)/4  sin2!a/2) 
cosp = ." . - ~ _ _ - - . c  ::= _ _ _ _ _  

/[(u:+v; - UIVl +cw:[9 - 12 

[(u; + v; - u2v2 + cw; [9 - 12 

where u1 = u, - w1 v, = v1 - u1 

u2 = u, - w, v2 = v, - u, 

The  input  and  output  parameters  are: 

~ ~. . .. ~ " _ .  Input ~ ~ . para-me  t-er s =  

Label A Register 1- a 
Card 1 Register 4- h 
Calculate d -Register 5- k 

Register 6- 1 
Register A- a 

"" 

Label B Register 4- hl 
Card 3 Register 5- k l  
Calculate  a,a Register 6- l1 

Register 7- h2 
Register 8- k, 
Register  9- 1, 

- ~ =  - - .~ - ~ . - ~ ~  

24 

w1 = u1 + v, + w1 

w2 = u, + v, + w2 

Output-  parameter s. 
d- or d 
h k l  h 

k 
1 

a 
" . . . . . . . . . . . -. . . - - - 

a 
a 



Label C 
Card 1 
Calculate  all 
possible  d's 
within  limits 

NOTE: h < k < 1 
Reg. 7 <  8 <  9 

Label  D 
Card 2 
Calculate  angle 
(9)  between 
crystal  planes 

Label E 
Card 2 
Calculate  angle 
( p )  between 
crystal  zones 

Input  parameters  Output-  parametersa 
Register D- d, 
Register E- d, 

.~ 

Register 1- a 
Register 7- largest  h 
to be printed 

Register 8- largest k 
to  be  printed 

Register 9- largest 1 
to  be  printed 

Register A- c1 

Register E- only d 
values  larger  than 
this  printed 

Register 1- a 
Register 4- hl 
Register  5-  k, 
Register  6- 1, 
Register 7- h2 
Register 8- k2 
Register 9- 1, 
Register A- c1 

Register 1- a 
Register 4- u1 
Register 5- v1 
Register 6- w1 
Register 7- u2 
Register 8- v, 
Register 9- w2 
Register A- c1 
- ~- . .  - . - - . - 

d or d 
hkl  h 

k 
1 

k2 
12 

P or P 

ulvlwl u1 
u2 V1 
v2 wl 
w2 u2 

v2 
w2 

a 
If h, k, and 1 (u, V, and  w) are 0 ,  or  positive  and  less 

than 10, output  is  in  the form hkl (uvw). If h,  k, or 1 
(u, v, or w) are  negative,  or  greater  than 9, output  is  in 

the  form k or v . h u  

1 w  

. Card 1 ._ . Rhomb.ohed.r_a_l_ 
861 *LBLA 21 li 006 PRTX -14 - " 611 "GTG- -22 16 12 
002  GSBl  23 61 867 DSPg  -63 00 012 X<@? 
003  *LBLa  21 16 11 008 9 09 013  GTOb  22 16 12 
004 SPC 16-11 889 RCL4  36 04 014 9 09 
005 DSP4  -63 04 . . 01.0 ~ X_>Y? . "  ~ . ~ " 16-34 - - " 012 " RCL5 -~ 36  95 

16-45 

25 



017 
1618 
01 9 
020 
021 
022 
023 
024 
025 
026 
1627 
028 
1629 
030 
031 
032 
033 
034 
835 
036 
037 
038 
03 9 
84 0 
041 
84 2 
04  3 
044 
04  5 
04  6 
04  7 
048 
84 9 
05 0 
05 1 
052 
053 
054 
05 5 
056 
05 7 
058 
05 9 
860 
061 
662 
063 
064 
065 

GTOb 
X<@? 
GTOb 

9 
RCL 6 
X>Y? 
GTOb 
X<@? 
GTOb 
RCL 4 

1 
0 
0 

X 
+ 

RCL 5 
1 
8 

X 
+ 

PRTX 
RTN 

*LBLC 
RCL 9 
RCL8 
X>Y? 

R/S 
RCL7 
X>Y? 

R / S  
8 

ST04 
ST05 
ST06 

*LBL@ 
RCL 9 
RCL6 
X=Y? 
GTOc 

1 
ST+6 

*LBL7 
G S B l  
RCLE 
X>Y? 
GT02 

X+Y 
GSBa 

*LBL2 

22   16   12  

22   16   12  
09 

36  06 

22 1 6   1 2  

22 1 6   1 2  
36  84 

16-45 

16-34 

16-45 

01 
08 
08 

-35 
-55 

36  05 
01 
80 

-35 
-55 
-14 

24 
21 13 
36  09 
36 08 

5 1  
36 07 

5 1  
00 

35  04 
35  85 
35  06 
2 1  80 
36  89 
36  06 

22  16 13  
01 

35-55  06 
21   87  
23 01 
36 1 5  

16-34 

16-34 

16-33 

16-34 
22 02 

-41 
23 1 6  11 

21  02 

RCL5 
+ 

X= 0 ? 
G T O ~  
RCL6 

CHS 
ST0 6 
GSBl 
RCLE 
X,Y? 
GT03 

X*Y 
GSBa 

*LBL3 
RCLG 

CHS 
ST06 
RCL4 
X=@? 
G T O ~  
RCL6 
RCL5 
X=Y? 
GTO 9 

CHS 
ST05 
GSBl 
RCLE 
X>Y? 
GT04 

X=+Y 
GSBa 

*LBL4 
RCL 5 

CHS 
ST05 

*LBL9 
RCL 5 
RCL4 
X=Y? 
G T O ~  

CHS 
ST04 
G S B l  
RCLE 
X>Y? 
GT05 

X+Y 
GSBa 

"LBL5 
- . _  RCL4 - 

36  05 
-55 

16-43 
22 80 
36  06 

-22 
35  06 
23 61 
36 15 
16-34 
22 03 

-41 
23   16  11 

36  86 
-22 

35  06 
36 (64 

21  03 

16-43 
22 00 
36  06 
36 85 
16-33 

-22 

23 01 
36   15  
16-34 

22  09 

35  05 

22  04 
-41 

23   16  11 

36 Ib5 
-22 

21  84 

35  05 
2 1  09 
36  05 
36  04 
16-33 
22 08 

-22 
35  84 
23 81 
36  15 
16-34 
22  05 

-41 

2 1  05 
23   16  11 

36- 04- 

118 
119  

1 2 1  
122  
1 2 3  
124 
1 2 5  
1 2 6  
127 
128  
129 
130 
1 3 1  
132 
1 3 3  
134 
135  
136 
137 
138 
139  
14  0 
1 4 1  
14  2 
1 4 3  
14  4 
145  
1 4  6 
147 
148 
1 4  9 
1 5 8  
1.5 1. 
152 
1 5 3  
154 
155  
156  
157 
158 
159  
168  
1 6 1  
162 
1 6 3  
164 
1 6 5  
166 
167 

1 2 8  

-16% .~ 

CHS 
ST04 
GTO# 

*LBLc 
RCL8 
RCL5 
X=Y? 
GTOd 

1 
+ 

ST05 
ST06 
GT07 

*LBLd 
RCL7 
RCL4 
X=Y? 

R/  S 
1 

+ 
ST04 
ST05 
ST06 
GT07 

*LBLb 
RCL4 
PRTX 
RCL5 
PRTX 
RCL 6 
PRTX 

RTN 
*LBL1 
RCL4 

RCL5 
X2 

X2 
+ 

RCL6 
X2 
+ 

RCL4 
RCL 5 

RCL5 
RCLG 

X 

X 
+ 

RCLG 
RCL4 

= "5. 

-22 
35  04 
22 00 

2 1   1 6   1 3  
36 08 
36  05 

22 1 6  14 
01 

-55 
35 05 
35  06 
22  07 

2 1   1 6   1 4  
36 07 
36  04 

5 1  
0 1  

-55 
35  04 
35  05 
35  06 
22  07 

2 1  1 6   1 2  
36  04 

36  85 

36  06 
-14 

24 
21 81 
36 04 

53 
36  05 

53  
-55 

36  86 
53 

-55 
36 04 
36  85 

-35 
36  05 
36  06 

-35 
-5  5 

36  06 
36 04 

.. -35 

16-33 

16-33 

-14 

-14 

". . 

I 



~. + 
RCLA 

2 

TAN 

CHS 
1 + 

X 

- 

X2 

- 
RCLA 

*LBLD 
GSBB 
RCLD 
RCLI 

GSB8 
+ 

GSB9 
RCLD 

GSB8 

X 

X2 

G S B ~  
+ 

RCLI 

GSB8 
GSB6 

+ 
GSB2 

RTN 
*LBLE 

GSBB 
CHS 

RCLD 
RCLI 

X2  

X 
RCL3 
RCL2 

- 

X2 
GSB7 
GSB9 
RCL3 
RCL2 

RCLD 
- 

~ ~ "~ 
X 

Card 1. Rhombohedral  (Concluded) - .  . 

-55 
36 11 

0 2  
-24 

43  
53 

-22 

-55 
-35 
-45 

36. 11. 

01 

21 1 4  
2 3   1 2  
36 1 4  
36  46 

-35 
23  08 

-55 
23  09 
36  14 

5 3  
23  418 
23 00 

-55 
36 46 

53 
23 08 
23   06  

-5 5 
23  02 

24 
2 1  15 
2 3   i 2  

- 22 
36   14  
36  46 

-35 
36 03 
36  02 

-24 
53 

23   07  
23  89 
36 03 
36 02 

-24 
36 1 4  
- _35. 

cos 42  192 RCLA 36 11 
1 01 

+ -55 
X -35 

RCLl 36 01 

- -24 
RCLA 36 11 
cos 42 

1 01 + -55 

X2 5 3  

.~ . .  

2.  Rhomboh-ed-r-al . .  

GSBg 23  68 
- -45 

RCL3 36 03 
RCL2 36 (62 

- -24 
RCL I 36  46 

X -35 

GSB6 23  06 
- -45 

*LBL2 2 1   0 2  
X -35 

ABS 16 31 

F S  16-51 

F S  16-51 
X+Y -41 

-24 
cos-1  16  42 

SPC 16-11 
9 09  
0 00 

X+Y -41 
X>Y? 16-34 
GSB5 2 3  05 
DSP2 -63  02 
PRTX -14 

9 09 
RCL4 36  04 
X>Y? 16-34 
GTOa 22 1 6  11 
X<@? 16-45 
GTOa 22 16  11 

9 09 
RCL5 

- x2 53 

X 2  5 3  

JX 54 

RCLB 36 00 

- 

. _- 36 05" 

cos 42 
X2 53 

2 02 
X -35 - -45 

-24 
1 /x 52 
ABS 1 6  31 

J X  54  
RTN 24 

- 

~ ~ _ L  

"~ ._I_ 

X>Y? 16-34 
GTOa 22   16  11 
X<@? 16-45 
GTOa 22 1 6  11 

9 09 
RCL6 36  06 
X>Y? 16-34 
GTOa 22 1 6  11 
X<@? 16-45 
GTOa 22 1 6  11 
RCL4 36  04 

1 01 
0 00 
ra 00 

GSB7 23  07 
RCL5 36 85 

1 01 
0 00 

GSB7 23  137 
PRTX -14 
GTOb 22 1 6   1 2  

*LBLa 2 1   1 6  11 
RCL4 36  84 
PRTX -14 
RCL5 36 05 
PRTX -14 
RCL6 36  06 
PRTX -14 

*LBLb 2 1   1 6   1 2  
RCL7 36  07 
PRTX -14 
RCL8 36 08 
PRTX -14 
RCL 9 36  09 
PRTX -14 

RTN 24 
*LBL6 2 1   0 6  

27 



Card  2.  Rhombohedral  (Concluded) 
112  RCLE 
113 X2 
114 + 
115 RCLB 
116 X2 
117 + 
118 RCLE 
119 R C L ~  
120  X 

1 2 1  RTN 
122 *LBL8 
1 2 3  RCL2 
124 RCL3 
125 
126 X2 
127 X 

128 3 
129 X 

130 4 
1 3 1  
132 RTN 
1 3 3  *LBL9 
134 RCLC 
135  RCLB 
136 GSB7 
137 RCLB 
138 RCLE 
139 GSB7 
140  F S  
1 4 1  ST00 
142 F S  
143  RTN 
144 *LBL@ 
145 RCLB 
146 X2 
14 7 + 
148  RCLC 

- 

- 

36 1 5  
53 

-55 
36 00 

5 3  
-55 

36 1 5  
36 88 

- 35 
24 

2 1  08 
36  02 
36 0 3  

-24 
53  

-35 
03 

-35 
04 

-24 
24 

21  09 
36 13 
36 00 
23  07 
36 1 2  
36 15 
23 07 
16-51 
35 00 
16-51 

24 
21 00 
-36 1 2  

53  
-55 

36 1 3  
149  X2 53 

1516 + 
1 5 1  RCLB 
152 RCLC 
153 X 
154 RTN 
1 5 5  *LBLB 
156 RCLA 
1 5  7  2 
158  
159  SIN 
160  RCLl 
1 6 1  X 

162 2 
16  3 X 

164 ST02 
165  R C L l  
166 X2 
167 9 
168 X 
169 RCL2 
170 X2 
17 1 3 
17 2 X 

1 7  3 
174 ABS 
175 JX 
176  ST03 
177 RCL4 
178 RCLG 
17 9 - 
180 STOB 
181 RCL7 
182 RCL9 
1 8 3  - 
184 STOE 
185 RCL5 
186 RCL4 
187 - 

- 

- 

-55 
36   12  
36   13  

-35 
24 

2 1   1 2  
36 11 

02 
-24 

4 1  
36 01 

-35 
#2 

-35 
35  02 
36 81 

53 

-35 
36  02 

53  
03 

-35 
-45 

1 6   3 1  
54 

35 03 
36  04 
36  06 

-45 
3 5   1 2  
36  07 
36  #9 

-45 
35  15 
36 85 
36 04 

-45 

09 

188 STOC 
189  RCL8 
190  RCL7 
1 9 1  
192 ST00 
1 9 3  RCL4 
194 RCL5 
195  + 
196 RCL6 
197 + 
198 STOD 
1 9 9  RCL7 
200 RCL8 
2#1 + 
202 RCL9 
2#3 -t 
2634 ST01 
205 RCLB 
206 RCLg 

208 RCLC 
2@9 RCLE 
21# GSB7 
211 2 
212 - 

213 RTN 
214 *LBL5 
215 1 
216 8 
2 17 0 
218 X*Y 
219 - 
22# RTN 
221 *LBL7 
222 X 
223 + 
224 RTN 

- 

207 X 

3 5   1 3  
36 08 
36  07 

-45 
35 08 
36  04 
36  05 

-55 
36 06 

-55 
35  14 
36  #7 
36 08 

-5  5 
36  09 

-5 5 
35  46 
36 1 2  
36 00 

-35 
36 1 3  
36  15 
23  87 

02 
-24 

24 
2 1  05 

01 
168 
00 

-41 
-45 

24 
2 1  167 

-35 
-5  5 

24 

" 

001 
002 
003 
004 
005 
0#6 
007 
0$8 
009 
010 
011 

*LBLB 
RCL4 

RCL5 
X2 

X2 
+ 

RCL6 
X2 
+ 

STOg 
RCL4 

Card  3.  Rhombohedral 
2 1   1 2  012 RCL5 36 85 
36  04 013 X -35 

53  014 RCL5 36  05 
36 05 815 RCLG 36  06 

53  016 X -35 
-55 01 7 + -55 

5 3  019 RCL4 36 04 
-55 020 X -35 

35 0# 021 + -55 

36  06 018 RCL6 36 166 

36  04  022 ST01 35 01 

""- ~ 

RCL 7 

RCL8 
X2 

X2 
+ 

RCL9 
X2 
+ 

ST02 
RCL7 
RCL8 
"I_ " " 

36  07 
53 

36 08 
53 

-55 
36  09 

53 
-5 5 

36 07 
36 08 

35 02 

.~ 
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0 34 
035 
036 
037 
038 
039 
040 
041  
04 2 
04 3 
044 
045 
046 
047 
048 
049 
05 0 
051  
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
06 7 
068 
06 9 
$70 

. .  

X 
RCL8 
RCL 9 

+ 
RCL 9 
RCL7 

X 

X 
+ 

ST03 
RCLE 

RCL 2 
X 2  

X 
RCLD 

X2 
R C L ~  

X - 
STOB 

CHS 
RCLE 

RCL 3 
X2 

X 

RCLD 

R C L l  
X2  

X 
- 

2 
X 

+ 
RCLB 

X+Y 
- 

cos- 
~ 

. .  

-35 
36 08 
36  69 

-35 
-5  5 

36  09 
36 (67 

-35 
-55 

35 03 
36   15  

53  
36  02 

-35 
36 1 4  

53  
36 00 

-35 
-45 

35  12 
-22 

36 1 5  
53  

36 03 
-35 

36  14 
53 

36 01 
-35 
-45 

02 
-35 
-55 

36  12 
-41 
- 24 

16  42 
~~~ . . 

Card 3. Rhombohedral . .  . . (Concluded) 
9 09  1@7 
0 

X+Y 
X>Y? 
GSBl  
STOA 
R C L ~  
RCLA 
cos 

R C L ~  
X 

+ 
RCLl 
RCLA 

cos 

2 
X 

X 
- 

RCLD 
X2 

X= @ ?  
X 

GTOa 
*LBL2 

RCLA 
cos 

1 
+ 

RCLA 
cos 

2 
X2  

X 
- 
- 

00 
-4 1 

16-34 
23 01 
35 11 
36 00 
36 11 

42 
-35 

36 00 
-55 

36 01 
36 11 

42 
-35 

02 
- 35 
-4  5 

36 1 4  
53 

-35 
16-43 

22 1 6  11 

36 11 
42 

-55 
36 11 

42 
53 
02 

-35 
-45 
-24 

2 1  02 

01 

108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 

1 2 1  
122 
1 2 3  
124 
1 2 5  
126 
127 
128  
129  
130  
1 3 1  
132 
1 3 3  
134 
135  
136  
137 
138 
1 3  9 

1 4 1  
142 

120  

140 

ABS 
J X  
SPC 
F I X  

DSP4 
PRTX 
RCLA 
D SP2 
PRTX 

RTN 
*LBLl 

1 
8 
0 

X+Y 

RTN 
*LBLa 

RCL2 
RCLA 
cos 

- 

X 

RCL2 
+ 

RCL 3 
RCLA 
cos 

2 
X 

X 
- 

RCLE 
X2  
X 

GT02 
R /  S 

1 6  31 
54 

16-11 
-11 

-63  04 
-14 

36 11 
-63  02 

-14 
24 

2 1  01 
01 
08 
00 

-41 
-45 

24 
2 1   1 6  11 

36  02 
36 11 

42 
-35 

36  02 
-55 

36 03 
36 11 

‘42 
-35 

02 
-35 
-45 

36 1 5  
53  

-35 

5 1  
22 02 

Program  7:  Rhombohedral =+ Hexagonal   Conversions 

Program  use-  This  program i s  u s e d   t o   c h a n g e   f r o m   r h o m b o h e d r a l   c r y s t a l  
p a r a m e t e r s   t o   h e x a g o n a l  c r y s t a l   p a r a m e t e r s ,   a n d  vice versa. C r y s t a l   i n d i c e s ,  
a x i s   l e n g t h s ,   a n d  axiai  a n g l e   c a n   b e   c a l c u l a t e d   f r o m   o n e   s y s t e m   t o   t h e   o t h e r .  

I n  some i n s t a n c e s  i t  may b e   o f   u s e   t o   c o n v e r t   c r y s t a l   p a r a m e t e r s   f r o m   t h e  
r h o m b o h e d r a l   c r y s t a l   s y s t e m   t o   t h e   h e x a g o n a l   c r y s t a l   s y s t e m ,   o r  vice versa. 
T h i s   p r o g r a m   c o n v e r t s   c r y s t a l   i n d i c e s   ( h k l   o r   h k i l )   a n d  l a t t i c e  c o n s t a n t s  
(aHcH o r  a R + )   f r o m   o n e   s y s t e m   t o   t h e   o t h e r .  
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I 

The  applicable  formulas  are: 

“R 
aH = 2aRsin 2 

h = hR H - ‘R 

k = k, H - hR 
i = -(hH + %) H 

1 = h   + k R + l R  H R  

hH - %.+ lH 
h =  R 3 

hH + 2% + lH 
k =  R  3 

-2hH - k + lH H 1 =  R 3 

The  input  and  output  parameters  are: 

Input  parameters  Output  parameters 
Label A Register 1- aR aH 
Calculate  aH,cH Register A- aR 

Label Ba Register 4- hR hHkH.1H  Or  hH 
Calculate  Register 5- kR kH 
h ~ k ~ .  1~ Register 6- 1R 1H 

CH 

Label  C Register 1- aH 
Calculate  aR,aR Register  3-  cH 

Label Da Register 4- hH  hRkRlR  Or  hR 
Calculate Register 5- kH 

aR 
“R 

kR 
~ R ~ R I R  Register 6- 1H 1R 

”- ~ - ~ ” 
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Input  p a r a m e t e r s   O u t p u t   p a r a m e t e r s  
Label  E - R e g i s t e r -  4- h R   h H  
C a l c u l a t e   R e g i s t e r  5- kR k H  

~ H ~ H ~ H I H  R e g i s t e r  6- 1~ i H  
1 H  

~~ 

a 
. .  

I f  h, k ,  and 1 are 0 ,  o r  p o s i t i v e  integers  less 
than 10, ou tpu t  i s  i n  the form hkl  o r  hk.1. If  h ,  k ,  
o r  1 are negative, greater than 9 ,  o r  n o t  integers ,  

ou tput  is  i n  the f o r m  k . h 

1 

This  p r o g r a m  can be executed as m a n y   t i m e s  as des i r ed  by s t o r i n g  the 
indicated inpu t  c rys ta l  p a r a m e t e r s  i n  t he i r  respective registers,  and then 
pushing the  appropr i a t e  l abe l  bu t ton  ( e .g . ,  push B f o r  Label B ) .   T h e  actual 
p r o g r a m  follows. 

*LBLA 
RCLA 

2 

S I N  
R C L l  

2 

SP c 
DSP4 
PRTX 
S T 0 0  
R C L l  

9 

R C L ~  
X 2  

3 

- 

X 

X 

X 2  

X 

X 
- 

ABS 

PRTX 
RTN 

*LBLB 
GSB2 

S P C  
9 

RCLB 
X>Y? 
GT-Oa 

J X  

H e x a g o n a l   R h o m b o h e d r a l -   C a l c u l a t  i-ons 
2 1  11 034 X<@? 16-45 067 

0 2  036 9 09 069 
36 11 035 GTOa 22   16  11 068 

-24  037 RCLC 36 1 3   0 7 0  
4 1   0 3 8  X>Y? 16-34 1671 

36 01 039 GTOa 22   16  11 072 
-35 040 X < 0 ?  16-45 073 

02 0 4 1  GTOa 22   16  11 074 
-35 042 9 @9 075 

16-11 043 RCLD 36 1 4  076 
-63  04 044 X>Y? 16-34 077 

-14 045 GTOa 22   16  11 078 
35 00 (646 X < 0 ?  16-45 079 

5 3  048 D S P l  -63 01 0 8 1  
09  049 RCLB 36   12  082 

-35 050 1 01 083 
36 00 0 5 1  0 00 6384 

5 3  052 X -35 085 
03 053 RCLC 36 1 3  086 

-35 054 + -55 087 
-45 1355 RCLD 36 1 4  088 

1 6   3 1  05 6 1 01 089 
54  05 7 0 00 090 

-14  05 8 - -24 0 9 1  
24 059 + -55 092 

23   02   061  RTN 24  094 

36 (61 047 GTOa 22  16 11 080 

2 1   1 2   0 6 0  PRTX -14  093 

16-11  062 *LBLa 2 1   1 6  11 095 
09   063  D S P 0  -63 08 096 

36   12   064  RCLB 36 1 2   0 9 7  
16-34  065 PRTX -14 098 

2 2  16 11 066 . ~ .  RCLC . . . 3 6  13- . . 0 9 9 ~  ~~ 

PRTX 
RCLD 
P RTX 

RTN 
*LBLC 

R C L l  

3 

RCL 3 

9 

X2 

- 

X2 

- 

+ 
J X  

S P C  
D S P 4  
PRTX 
RCL 3 
R C L l  

- 

X2 
3 + 

J X  
2 

3 
X*Y 

X 

- 

SIN- 
2 

X 

-14 
36 1 4  

24 
2 1   1 3  
36 01 

53 
03 

-24 
36 0 3  

5 3  
09 

-24 
-55 

54 
16-11 

-63  04 
-14 

-14 

36 0 3  
36 81 

-24 
5 3  
03 

-55 
54 
02 

-35 
0 3  

-41  
-24 

16-41 
0 2  

-35 

3 1  

I 



174 PRTX -14 
101 
102 
103 
104  
lQ5 
106 
107  
108 
109  
110 
111 
112 
113 
114 
115 
116 
117  
118 
119 
120  
1 2 1  
122 
1 2  3 
124  
125  
126 
12  7 
1 2 8  
129  
130 
131 
132 
133 
134 
135  

PRTX 
RTN 

*LBLD 
RCL4 
RCL 5 

RCL 6 
+ 

3 

STOB 
RCL4 
RCL5 

2 

- 

- 

X 

+ 
RCLG 

+ 
3 

STOC 
RCL4 

2 

CHS 
RCL 5 

- 

X 

- 
RCLG 

+ 
3 

STOD 
SP c 

9 
RCLB 

- 

-14 
24 

2 1   1 4  
36 04 
36  05 

-45 
36  @6 

-55 
03 

-24 
35 1 2  
36  04 
36 05 

02  
-35 
-55 

36  06 
-55 

-24 
03 

35 1 3  
36  04 

-35 
-22 

36  Q5 
-45 

36  06 
-55 

#3 
-24 

35   14  
16-11. 

412 

09 
36  12 

136 X>Y? 16-34 __ "" 

Program 8: 

1 3 7  
138 
139  
140  
1 4 1  
142 
1 4 3  
144 
145  
146  
147  
148  
149 
1 5 8  
1 5  1 
1 5  2 
153 
154  
155 
156 
157  
158 
159  
160  
1 6 1  
162 
1 6  3 
164 
165  
166 
1 6  7 
1 6 8  
169  
170 
1 7 1  
172 

GTOa 

GTOa 
FRC 

GTOa 
9 

RCLC 
X>Y? 
GTO a 
X<@? 
GTOa 

FRC 
X#@? 
GTOa 

9 
RCLD 
D Y ?  
GTOa 
X<@? 
GTOa 

FRC 

GTOa 
RCLB 

1 

x<Q? 

X#0? 

x# 0? 

0 
0 

X 
RCLC 

1 
0 

X 

+ 
RCLD 

+ 

22 1 6  11 

2 2   1 6  11 
1 6   4 4  

22  16 11 
09 

36 1 3  

22   16  11 

22 1 6  11 
16  44 

22 1 6  11 

36  14  

22   16  11 

22 1 6  11 
16  44  

22   16  11 
36 1 2  

16-45 

16-42 

16-34 

16-45 

16-42 

09 

16-34 

16-45 

16-42 

61 
00 
ti0 

-35 
36  13 

01 
00 

-35 
-55 

36   14  
-55 

175  
176 
1 7 7  
1 7 8  
179  
18g 
181 
182 
183 
184  
185 
186 
187  
188 
189  
190  
1 9 1  
192 
1 9  3 
194  
195  
196 
197  
198  
199 
200 
2 81 
202 
203 
204 
205 
286 
207 
208 
2419 

RTN 
*LBLE 

GSB2 
RCLB 
RCL C 

+ 
CHS 

STOE 
DSP0 

SPC 
RCLB 
PRTX 
RCLC 
P RTX 
RCLE 
P RTX 
RCLD 
PRTX 

RTN 
*LBL2 

RCL4 
RCLG 

S TOB 
RCL5 
RCL4 

- 

- 
STOC 
RCL4 
RCL5 

+ 
RCL6 

+ 
STOD 
RTN 

24 
2 1  15 
23  02 
36 1 2  
36 13  

-55 
-22 

36 15 
-63 08 

16-11 
36   12  

-14 
36 13 

-14 
36 15 

-14 
36   14  

-14 
24 

21  02 
36  04 
36 06 

-45 
35 1 2  
36 05 
36  04 

-45 
35  13  
36 04 
36 #5 

-55 
36  06 

-55 
3 5   1 4  

24 
51 ~. 

c r y s t a l  Program  use- This program i s  u s e d   t o   c a l c u l a t e  d s p a c i n g s  of 
p l a n e s ,   i n t e r p l a n a r   a n g l e s , , a n d   i n t e r z o n a l   a n g l e s   f o r   t h e   m o n o c l i n i c   c r y s t a l  
s y s t e m .   T h e   a p p l i c a b l e   f o r m u l a s  are: 
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h 1 2  h  /a2 + k 1 2  k sin2B/b2 + 1112/c2 - (llh2 + 12hl)cosB/ac 
- 2hlllcosB/ac) 

+ k;sin2B/b2 + l;/c2 - 2h212cosB/ac) 1 / 2  3 
a u1u2 

2 + b2v  v + c2wlw2 + ac(wlu2 + u w )cosB 
1 2  1 2  

((a2uz + b2v2 2 + c2w2 + 2acu2w2cos#3) 
2 

The  input  and  output  parameters  are: 

Input  parameters  Output  parametersa 
Lab& A 

. . ." ~ ~ 

Register 1- a d or d 
Card 1 
Calculate d 

Label  C 
Card 1 
Calculate  all 
possible  d's 
within  limits 

Label D 
Card 2 
Calculate  angle 
(4 )  between 
crystal  planes 

Register 2- b  hkl 
Register 3- c 
Register 4- h 
Register 5- k 
Register 6- 1 
Register B- B 

h 
k 
1 

Register 1- a 
Register  2- b 
Register 3- c 
Register 7- largest  h 
to  be  printed 

Register 8- largest k 
to  be  printed 

Register 9- largest 1 
to  be  printed 

Register B- B 
Register E- only d 
values  larger  than 
this  printed 

d or d 
hkl  h 

k 
1 

Register 1- a 4 or 4 
Register  2- b  hlklll  hl 
Register 3- c  h2k212 kl 
Register 4- hl 11 
Register 5- k1 h2 
Register 6- 1, k2 
Register 7- h, 
Register 8- k, 
Register 9- 1, 
Regist-er B- B . ~ 

12 
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Input  parameters  Output  parametersa 
Label E Register 1- a P or P 
Card 3 Register 2- b UlVlWl U1 
Calculate  angle Register 3- c u2v2w2 v1 
(p) between Register 4- u1 w1 
crystal  zones Register 5- v1 u2 

Register 6- w1 v2 
Register 7- u2 w2 
Register 8- v2 
Register 9- w2 
Register  B- $ 

h, k, and 1 (u, v, and w) are 0 or  positive  and 
less  than 10, output  is  in  the  form  hkl  (uw). If h, k, 
or 1 (u, v, or w) are  negative,  or  greater  than 9 ,  output 

is in the form k or  v . h u  

1 w  

This  program  can  be  executed  as  many  times as desired  by  storing  the 
indicated  input  crystal  parameters  in  their  respective  registers,  and  then 
pushing  the  appropriate  label  button  (e.g.,  push D  for  Label  Dl.  The  actual 
program  follows. 

Card 1. Monoclinic 
2 1  11 0 2  9 0 00 057 GSBD 2 3   1 4  

~ - _ _  
GSBl 
PRTX 
*LBLa 
DSP# 

9 
RCL4 
X>Y? 
GTOb 
X<@? 
GTOb 
GSB3 
GSB9 
PRTX 
RTN 

*LBLb 
RCL4 
PRTX 
RCL5 
PRTX 
RCL6 
PRTX 
RTN 

*LBLC 

S T 0 4  
ST01 

*LBT.5 

'0 

23 01 

2 1   1 6  11 
- 6 3  00 

09 
36  04 

22  16  12 

22   16   12  
2 3  03 
23   09  

-14 
2 4  

2 1   1 6   1 2  
36 134 

36 0 5  

36  06 

24 
2 1   1 3  

-14 

16-34 

16-45 

-14 

-14 

-14 

00 
35  04 

I _ _ ~ ~  2 1  . 05- 
3 5  46 

030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
0 4 0  
04  1 
04 2 
04 3 
044 
045 
04  6 
04 7 
048 
04 9 
0 5 0  
0 5 1  
05 2 
0 5  3 
0 5 4  
0 5  5 
e 5 6  - 

ST05 
ST06 
STOA 
STOC 
STOD 
*LBL~ 
RCL 9 
RCL6 
X=Y? 
GTOc 

1 
ST+6 

STOC 
STOD 
*LBL7 

0 

0 
STOA 
GSBl 
RCLE 
X>Y? 
GTOB 
X=+Y 
SPC 

PRTX 
RCLI 

, _ _  

35  05  
35  06 
35 11 
3 5   1 3  
35 14 
2 1  00 
36  89 
36  06 

2 2   1 6   1 3  
16-33 

01 
35-55  06 

00 
3 5  13  
3 5   1 4  
21   07  

00 
3 5  11 
2 3  !dl 
36 15 
16-34 
2 2   1 2  
-4 1 

16-11 
-14 

36  46 
16-42 - _  = i " 

058 
0 5  9 
0 6 0  
# 6 1  
# 6 2  
0 6 3  
064 
065 
066 
067 
068 
0 6 9  
0716 
071  
07 2 
07 3 
0 7 4  
0 7 5  
1676 
07 7 
078  
07 9 
080 
081 
(682 
0 8 3  
@q; = 

X= 0 ? 
G SBa 
G T O ~  
*LBLB 

1 
STOA 
*LBLc 
RCLD 
X# 0? 
GTOc 
RCLC 
X#@? 
GTOE 
*LBL6 
RCL8 
RCL5 
X=Y? 
GTOd 
RCL I 
X# 0 ? 
GT02 

1 
STOC 
ST+5 

ST0 6 
GT07 

0 

-_- 

16-43 
2 3   1 6  11 

22 08 
2 1   1 2  

#1 
3 5  11 

2 1   1 6   1 3  
36 14 

2 2   1 6   1 3  
3 6   1 3  

22   15  
21   06  
36   08  
36  05 

22   16   14  
36  46 

16-42 

16-42 

16-33 

16-42 
22  02 

01 

35-55  05 
00 

35 06 
- - -22 $!7 

3 5   1 3  



~ 

085 
086 
08 7 
088 
08 9 
090 
091  
092 
093 
094 
095 
096 
097 
098 
099 
100 
101 
102 
103 
104 
105  
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
1 1 7  
118 
119  
120  
1 2 1  
122  
1 2 3  
124 
125  
126 
127 
128 
129  
130 
131 

*LBLc 
RCLI 

GT04 
RCLA 

GT06 
GTOe 

*LBLE 
RCLA 

GT06 
*LBLd 

RCL7 
RCL4 

B S  
X=Y? 
GTOe 

ST0 5 
1 

STOD 
RCLI 

X#@? 

X= 0? 

X=@? 

0 

X#@? 
GT08 

1 
ST+4 

ST06 
GT07 

*LBLe 
RCLI 
X#@? 

R /  S 
1 

ST01 
RCL7 
X=@? 

R/  S 
RCL9 
X=@? 

R/ S 
1 

CHS 
ST04 
GT05 

*LBLl 

0 

. "  

Card 1. Monoclinic (Concluded) 
21  16 13 132 DSP4 -63 164 178  

36  46 
16-42 
22  04 
36 11 

22  06 
22   16  15 

2 1  15 
36 11 

22  06 
2 1   1 6  14 

36  07 
36 414 
1 6  31 

2 2   1 6  15 

16-43 

16-43 

16-33 

00 
35 535 

01 
35 1 4  
36  46 

22 08 
16-42 

01 
35-55 04 

00 
35 06 
22 07 

2 1   1 6   1 5  
36  46 

51 
01 

35  46 
36  07 
16-43 

51 
36  09 

51 

-22 

16-42 

16-43 

01 

35 04 
22 135 
2 1  01 

133 RCL4 
134  RCLB 
135 SIN 
136  ST00 
137 
138 RCLl 
13 9 
1 4  0 X 2  
1 4 1  RCL5 
142 RCL2 
1 4 3  
144 X* 
145 + 
146 RCL6 
147 RCEg 
148  
149  RCL3 
150  
151 X 2  
152 + 
1 5 3  RCL4 
154  . 2 
155  X 

156  RCL6 
157 X 

1 5 8  RCLB 
1 5 9  COS 
1 6 0  X 
1 6 1  RCLl 
162  
1 6 3  RCL3 
164  
165  RCLB 
166 X 2  
167 
1 6 8  - 
169  1 / X  
170  ABS 
1 7 1  J X  
172  RTN 
1 7 3  *LBLD 
1 7 4  DSPO 
1 7 5  GSB3 
176  CHS 
177 GSB9 

- 

- 

- 

- 

- 

- 

- 

- 

~. . " 

36  04 
3 6   1 2  

4 1  
35  00 

-24 
36  01 

-24 
53 

36 05 
36  02 

-24 
5 3  

-55 
36  06 
36 00 

- 24 
36 03 

-24 
53 

-55 
36  04 

-35 
36  06 

-35 
3 6   1 2  

42 
-35 

36 01 
-24 

36  03 
-24 

36 60 
53 

-24 
-45 

52 
1 6  31 

54 
24 

2 1   1 4  
-63 80 

23 03 
-22 

23  09 

02 

. "  . . .  .~ . 

17  9 
180 
181 
182  
18 3 
184 
185  
18 6 
18 7 
188 
18 9 
1 9 0  
1 9 1  
192  
1 9 3  
194 
195  
196 
197 
198  
199  
200 
2 01 
202 
203 
2  04 
205 
206 
2  07 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
2 18 
219 

221 
222 
223 

220 

" 

CHS 
PRTX 

RTN 
*LBL3 

9 
RCL5 
X>Y? 
GTOb 
X< 0? 
GTOb 

9 
RCL6 
X>Y? 
GTOb 

GTOb 
RCL4 

1 
0 
0 

X< 0? 

X 
RTN 

*LBL9 

RCL5 
1 

+ 

0 
X 
+ 

RTN 
*LBL2 

1 
ST06 
STOC 
ST+5 
GT07 

*LBL4 
RCLA 
X#@? 

R/  S 
GT06 

*LBL8 
1 

ST06 
ST-4 
GT07 

-22 
-14 

24 
2 1  03 

09 
36  05 

2 2   1 6   1 2  
16-45 

22 1 6   1 2  
09  

36  06 
16-34 

22 16  1 2  
16-45 

2 2   1 6   1 2  
36  04 

16-34 

01 
00 
00 

-35 
24 

21  09 
-55 

36  05 
01 
00 

-35 
-55 

24 
21  02 

01 
35 06 
35 13 

35-55  05 
22 07 
2 1  04 
36  11 

51 
22  06 
2 1  138 

01 
35 06 

35-45  04 
22  07 

16-42 

35 

I 



001 *LBLD 
002 
003 
004 
005 
006 
007 
008 
00 9 
010 
011 
012 
81 3 
014 
815 
016 
017 
1618 
019 
020 
021 
022 
023 
024 
025 
026 
027 
b28 
1629 
030 
031 
032 
033 
0 34 
035 
036 
037 
038 
039 
04 0 
041 
04  2 
043 
044 
04 5 
04 6 
047 
04 8 
049 
05 0 
051 

RCL4 
RCL7 

RCLl 
X 

X2 
- 

RCL 5 
RCL8 

X 

RCL2 
X 2  
- 

RCLB 
SIN 

X2 
X 
+ 

RCLG 
RCL9 

X 

RCL3 
X2 
- 

+ 
RCL6 
RCL 7 

X 

RCL9 
RCL4 

X 
+ 

RCLB 
cos 

X 

R C L l  
RCL 3 

X 
- 
- 

ST00 
RCL4 
R C L l  

- 

X2 
RCL5 
GSB5 
RCLG 
RCL 3 

- 
X2 

_ _ _ ~ _ _ _ ~ "  -_ Card  2.  Monoclini-c- 
052  -55 2 1   1 4  

36  04 
36  07 

-35 
36 01 

53 
-24 

36  05 
36 08 

-35 
36  02 

5 3  
-24 

36 1 2  
4 1  
53 

-35 
-55 

36  06 
36  09 

-35 
36  03 

53 
-24 
-55 

36  06 
36  07 

-35 
36  09 
36  04 

-35 
-55 

36 12  
42 

-35 
36 01 
36 03 

-35 
-24 
-45 

35 00 
36  04 
36 01 

-24 
53  

36  05 
23 135 
36  06 
36 03 

- 24 
5 3  

" = ~ 

+ 
RCL4 
RCL6 
GSBG 
STOA 
RCL7 
RCLl  

- 

X2 
RCL8 
GSB5 
RCL 9 
RCL 3 

- 

X2 
+ 

RCL7 
RCL 9 
GSBG 
RCLA 

X 

ABS 
J X  

R C L ~  
X=+Y 
- 

cos-1 

0 
9 

X=+Y 
X>Y? 
G S B l  

SPC 
D SP2 
PRTX 
DSPg 

9 
RCL4 
X>Y? 
GTOb 
X < @ ?  
GTOb 

9 
RCL5 
X>Y? 
GTOb 
X< B? 
GTOb 

9 
RCL6 

36  04 
36  06 
23  06 
35 11 
36 $37 
36 01 

-24 
53  

36 08 
23 565 
36  09 
36  03 

-24 
53  

-55 
36  07 
36  09 
23  06 
36 11 

-35 
1 6   3 1  

54 
36 00 

-41 
-24 

16   42  
09 
00 

-41  
16-34 
23 01 
16-11 

-63  02 
-14 

-63 00 
09 

36  04 

22 1 6   1 2  

22 1 6   1 2  

36  05 

22   16   12  

22 1 6   1 2  

36  06 

16-34 

16-45 

09 

16-34 

16-45 

09 

X>Y? 
. -  16-34; - - 

183 
104 
105 
106 
1167 
108 
109 
110 
111 
112 
1 1 3  
114 
1 1 5  
116  
117 
118 
11 9 

1 2 1  
122  
123  
124 
125 
126 
127 
128 
129  
130  
1 3 1  
132 
1 3 3  
134 
135  
136 
137 
138 
139 
140  
1 4 1  
142  
1 4  3 
144 
14  5 
146 
14  7 
1 4 8  
149 
150  
1 5  1 
152 
- 1 5 3  

120  

. . ". 

GTOb 
X< 0? 
GTOb 
RCL4 

1 
0 
0 

X 
+ 

RCL5 
1 
p1 

X 
+ 

P RTX 
GTOc 

*LBLb 
RCL4 
PRTX 
RCL 5 
PRTX 
RCLG 
PRTX 

*LBLc 
9 

RCL7 
X>Y? 
GTOd 
X < 0 ?  
GTOd 

9 
RCL8 
X>Y? 
GTOd 
X< 0? 
GTOd 

9 
RCL9 
X>Y? 
GTOd 
X < 0 ?  
GTOd 
RCL7 

1 
0 
0 

X 

+ 
RCL8 

1 
0 "- 

22 1 6   1 2  

22 1 6   1 2  
36 @4 

01 
00 
00 

16-45 

-35 
-55 

36  05 
01 
0# 

-35 
-5  5 
-14 

22 1 6  13 
21   16   12  

36  04 

36  05 

36 p16 

2 1  1 6   1 3  
09 

36  07 

22  16  14 

22 1 6   1 4  

36 08 

22 1 6  1 4  

22 1 6   1 4  

36  09 

22 1 6   1 4  
16-45 

22 1 6   1 4  
36 07 

01 
00 
00 

-35 
-55 

36 08 

-14 

-14 

-14 

16-34 

16-45 

09 

16-34 

16-45 

09 

16-34 

01 
~ . _I_ 

36 



154 
1 5  5 
156 
157 
158 
1 5  9 
160  
1 6 1  
1 6 2  
1 6 3  
164 
165  
166 
167- 

661 
082 
003 
004 
805 
P)86 
007 
0 08 
009 
010 
011 
012 
013 
014 
4)lS 
01 6 
01 7 
018 
01 9 
028 
021  
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 

X 
+ 

PRTX 
RTN 

JcLBLd 
RCL7 
PRTX 
RCL8 
PRTX 
RCL9 
PRTX 

RTN 
*LBL5 

RCL-2 

. .~ . 

*LBLE 
RCL4 
RCL7 

X 

R C L l  
X 2  
X 

RCL5 
RCL8 

RCL2 
X 

X 2  
X 

+ 
RCLG 
RCL 9 

X 

RCL 3 
X2  
X 

+ 
RCL 6 
RCL 7 

RCL 9 
RCL4 

X 

X 
+ 

RCLB 
cos 

RCLl 
RCL3 

X 

X 

X 
" 

.~ Card  
-35 
-55 
-14 

24 
2 1   1 6  1 4  

36 07 

36 08 

36  09 
-14 

24 
21  05 
36- 9 2  

-14 

-14 

~21 1 5  
36  04 
36  07 

-35 
36 01 

53 
-35 

36 05 
36 08 

-35 
36  02 

53 
-35 
-55 

36  06 
36  89 

-35 
36 163 

5 3  
-35 
-55 

36  06 
36 07 

-35 
36 69 
36 (64 

-35 
-55 

36 1 2  
42 

-35 
36 81 
36 03 

-35 
-35 . - . .  ~ . .  

2.. Monocl in ic  
1 68 - 
169  RCLB 
170  SIN 
1 7 1  X 

1 7  2 X2 
E7 3 + 
174 RTN 
1 7 5  *LBL6 
176  X 

177 2 
178  X 

179 RCLl 
180 
181. RCL3 

- 

(Copcluded) 
-24- ~ 18 2 - -24 

36   12  
4 1  

-35 
53 

-5  5 
24 

21  06 
-35 

02 
-35 

36 01 
-24 

36 163. - 

C-ard 
1636 
037 
038 
039 
04 0 
04 1 
04 2 
4)4 3 
044 
04  5 
04  6 
04  7 
048 
04  9 
050 
851  
052 
053 
054 
055 
63-56 
057 
058 
059 
06 0 
061 
062 
063 
064 
06  5 
066 
067 
068 
06  9 
97 0 

3. Monoc-linic - 
+ -55 

ST00 35 00 
RCL4 36 04 
R C L l  36 01 

X -35 

RCL5 36 85 
RCE 2 36 02 

X -35 

+ -55 
RCLG 36 06 
RCL3 36  03 
GSB7 23 07 
RCL4 36  04 

X -35 
RCLG 36  06 

X -35 
+ -55 

STOA 35  11 
RCL7 36 07 
R C L l  36 01 

X -35 

RCL8 36 08 
RCL2 36  02 

X -35 

+ -55 
RCL9 36  09 
RCL3 36 83 
GSB7 23  07 
RCL7 36  07 

X -35 

X2  5 3  

X2  53 

X2 53  

X2  5 3  

RCL.9 _ _  36 0 9  

183 
184 
185  
18 6 
187 
188 
18 9 
1 9 0  
E91 
192  
19  3 
194 
1 9 5  -~ 

RCLB 36   12  
cos 42 

X -35 - -4  5 
RTN 24 

*LBLl 2 1  01 
1 01 
8 08 
0 08 

X+Y -41 
- -45 

RTN 24 
" R/  " S 5 1  

X 
+ 

RCLA 

ABS 
X 

J X  
RCL@ 

X+Y 
- 

cos- 
9 
0 

XSY 
X7Y? 
G S B l  

SPC 
DSP2 
PRTX 
D SPfJ 

9 
RCL4 
X7Y? 
GTOb 

GTOb 
9 

RCL5 
X>Y? 
GTOb 
X< 0? 

X<0? 

GTOb 
9 

RCLG 
X>Y? 
GTOb - ~ -  

-35 
-55 

36 11 
-35 

1 6   3 1  
54 

36 00 
-41 
-24 

1 6   4 2  
09 
00 

-4 1 
16-34 
2 3  01 
16-11 

-63  02 
-14 

-63 00 
09 

36  04 
16-34 

22 1 6   1 2  

22 1 6   1 2  

36  05 

22 1 6   1 2  
16-45 

22 1 6   1 2  
09 

36 06 

- 22 1 6   1 2  

16-45 

09 

16-34 

16-34 

37 



I 

Card 3. M O R O C k h i C  (Concluded) 
-1 6-4 5 134 GTOd 2 2   1 6   1 4   1 6 2  
107 
108 
1#9  
11# 
111 
112  
113 
114 
115  
116 
117 
118 
119  
1216 
1 2 1  
122 
1 2 3  
124 
125 
126  
127 
128  
129  
130  
131 
132 
1 3 3  - 

GTOb 2 2   1 6   1 2  
RCL4 36 164 

1 631 
0 00 
@ ## 

X -35 
+ -5 5 

RCL5 36  65 
1 01 
# 00 

X -35 
+ -55 

PRTX - 14 
GTOc 22 1 6   1 3  

*LBLb 2 1   1 6   1 2  
RCL4 36 #4 
PRTX -14 
RCL 5 36  #5 
PRTX -14 
RCL 6 36  06 
PRTX -14 

*LBLc 2 1   1 6   1 3  
9 #9 

RCL7 36 (67 
X>Y? 16-34 
GTOd 22 1 6   1 4  
X<#?  16-45 

1 3 5  
I 3 6  
137 
138 
13 9 
14# 
1 4 1  
1 4  2 
1 4  3 
1 4  4 
145  
146 
147 
148  
149 
1 5  0 
1 5  1 
152  
1 5 3  
154 
1 5  5 
1 5  6 
157 
1 5  8 
15 9 
160 
1 6 1  

9 
RCL8 
X>Y? 
GTOd 

GTOd 
9 

RCL9 
X>Y? 
GTOd 

GTOd 
RCL 7 

1 

X<#? 

X<@? 

0 
0 

X 
+ 

RCL8 
1 
0 

X 

+ 
PRTX 

RTN 
*LBLd 

RCL7 

89 
36 @8 

22   16   14  
16-45 

22 1 6   1 4  
#9 

36  09 

22 1 6   1 4  

22  16  14 
36 07 

01 
0@ 
00 

-35 
-55 

36 08 

16-34 

16-34 

16-45 

01 
00 

-35 
-55 
-14 

24 
2 1   1 6   1 4  

36 07 

16  3 
164  
1 6 5  
166 
167 
1 6 8  
169 
17@ 
1 7 1  
172  
1 7 3  
174 
1 7 5  
176  
177 
178 
179  
180 
181 
182 
183 
184 
185  
186 
187 
18 8 

PRTX 
RCL8 
PRTX 
RCL9 
PRTX 

RTN 
*LBL7 

X 
X2 
+ 

RCLl  
2 

RCL3 
X 

x 
RCLB 
cos 

RTN 
*LBL1 

1 
8 

X=+Y 

RTN 
R /  S 

X 

0 

- 

c - 

-14 
36 08 

36  09 

24 
2 1  07 

-35 
53  

-55 
36 01 

-35 
36 03 

-35 
36 1 2  

42 
-35 

24 
2 1  01 

01 
08 
00 

-41 
-45 

24 
5 1  

-14 

-14 

@2 

P r o g r a m   9 :   T r i c l i n i c   S y s t e m   C r y s t a l   P a r a m e t e r s  

Program use- This   p rogram i s  used t o  c a l c u l a t e  d s p a c i n g s  of c r y s t a l  
p l a n e s ,   i n t e r p l a n a r   a n g l e s ,   a n d   i n t e r z o n a l   a n g l e s   f o r   t h e   t r i c l i n i c   c r y s t a l  
sys t em.   The   app l i cab le   fo rmulas  are: 

1 1 

d2  V2 
-" - ( s l l h 2  + s22k2 + s3312 + 2s12hk + 2s2 ,k l  + 2s311h)  

where 

V2 = a 2 b 2 c 2 ( 1  - c o s 2 a  - cos2B - cos2y + 2cosacos!3cosy) 

s1 = b 2 2  c s i n 2 a  

s22  = a2c2s in26  

s 3 3  = a 2 b 2 s i n 2 y  

s12 = abc2  (cosacosf3 - cosy) 

38 
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'23 = a2bc(cosBcosy - cosa) 
s31  = ab2,  (cosycosa - cos@) 

where F = hlh2b2c2sin2a + klk2a2c2sin2B + ll12a2b2sin2y 

+ abc2(cosacosB - cosy) (klh2 + hlk2) 

+ ab2c(cosycosa - cos@)(hl12 + llh2) 

+ a2bc(cosBcosy - cosa) (kl12 + llk2) 

and 

*hkl = [h2b2c2sin2a + k2a2c2sin2B + 12a2b2sin2y 
+ 2hkabc2(cosacosB - cosy) 

+ 2hlab2c(cosycosa - cosB) 

+ 2kla2bc(cosBcosy - cosa) I 1 1 2  

where L = a2u1u2 + b2vlv2 + c2wlw2 

+ bc (v1w2 + w1v2)~osa 

+ ac(wlu2 + u1w2)cosB 

+ ab (111172 + v1u2)cosy 

and 

= (a2u2 + b2v2 + c2w2 + 2bcvwcosa + 2cawucosB + 2abuvcosy) 1 / 2  IUVW 
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The i n p u t   a n d   o u t p u t   p a r a m e t e r s  are: 

I n p u t   p a r a m e t e r s  
Labe l  A R e g i s t e r  1- a 
Card 1 R e g i s t e r  2- b 
C a l c u l a t e  d R e g i s t e r  3- c 

R e g i s t e r  4- h 
R e g i s t e r  5- k 
R e g i s t e r  6- 1 
R e g i s t e r  A- ct 
R e g i s t e r  B- B 
R e g i s t e r  C- y 

Labe l  C R e g i s t e r  1- a 
Card L R e g i s t e r  2- b 
C a l c u l a t e  a l l  R e g i s t e r  3- c 
p o s s i b l e   d ' s  R e g i s t e r  7- l a r g e s t  h 
w i t h i n  limits t o   b e   p r i n t e d  

R e g i s t e r  8- l a r g e s t  k 
t o   b e   p r i n t e d  

R e g i s t e r  9- l a r g e s t  1 
t o   b e   p r i n t e d  

R e g i s t e r  A- a 
R e g i s t e r  B- B 
R e g i s t e r  C- y 
R e g i s t e r  E- o n l y  d 

v a l u e s   l a r g e r   t h a n  
t h i s   p r i n t e d  

Label  D" R e g i s t e r  1- a 
Card 2 R e g i s t e r  2- b 
C a l c u l a t e   a n g l e  R e g i s t e r  3- c 
(4)  between R e g i s t e r  4- h l  
c r y s t a l   p l a n e s  R e g i s t e r  5- k ,  

R e g i s t e r  6- l1 
R e g i s t e r  7- h2  
R e g i s t e r  8- k2 
R e g i s t e r  9- 1, 
R e g i s t e r  A- ct 
R e g i s t e r  B- B 
R e g i s t e r  C- y 

Labe l  E" R e g i s t e r  1- a 
Card 3 R e g i s t e r  2- b 
C a l c u l a t e   a n g l e  R e g i s t e r  3- c 
(p) between R e g i s t e r  4- u, 
c r y s t a l   z o n e s  R e g i s t e r  5- v1 

R e g i s t e r  6- w1 
R e g i s t e r  7- u2 
R e g i s t e r  8- v2 
R e g i s t e r  9- w2 
R e g i s t e r  A- ct 

Output   parameters  
d 
h 
k 
1 

d 
h 
k 
1 

P 

ulvlwl 
u2v2w2 

o r  P 

u1 

w1 
u2 
v2 
w2 

V 1 
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- 1  

I n p u t  ~ ~- paramete r s   Ou tpu t   pa rame te r s  
R e g i s t e r  B- B 
R e g i s t e r  C- y 

~ ~~ 

a I f   h ,  k, and 1 (u, v, and w) are z e r o   o r   p o s i t i v e   a n d  
less t h a n  10 ,  o u t p u t  i s  i n  t h e   f o r m   h k l  (uvw). I f   h ,   k ,   o r  
1 (u, v, o r  w) are n e g a t i v e ,   o r   g r e a t e r   t h a n   9 ,   o u t p u t  i s  i n  

t h e   f o r m  k o r  v . h u  

1 w  

This   p rog ram  can   be   execu ted  as many times as d e s i r e d   b y   s t o r i n g   t h e  
i n d i c a t e d   i n p u t   c r y s t a l   p a r a m e t e r s   i n   t h e i r   r e s p e c t i v e   r e g i s t e r s ,   a n d   t h e n  
p u s h i n g   t h e   a p p r o p r i a t e   l a b e l   b u t t o n   ( e . g . ,   p u s h  A f o r   L a b e l  A ) .  The a c t u a l  
program  fo l lows .  

601 -*LBLA 
002 GSBe 
003 *LBLc 

085 DSP4 
006 PRTX 
007 DSPg 
008 RCL4 
009 PRTX 
010 RCL5 
011 PRTX 
012 RCL6 
013 PRTX 
014 RTN 
015 *LBLC 
016 0 
017 ST04 
018 ST05 
019 ST06 
020 *LBL5 
021 RCL9 
022 RCL6 
023 X=Y? 
024 GTOS, 
025 1 
026 ST+6 
027 *LBL6 
6328 GSBe 
029 RCLE 

031 GT04 
032 X+Y 
033 GSBc 
034 *L.BL4 

004 SPC 

038 X>Y? 

035 " RCL4. 

" 

-21. ii 
23 1 6   1 5  
2 1   1 6   1 3  

16-11 
-63 (84 

-14 
-63 00 

36  04 

36  05 

36  06 

24 
2 1   1 3  

00 
35  04 
35  05 
35  06 
21  05 
36  09 
36 06 

22  09 
01 

35-55  06 
2 1  06 

2 3   1 6   1 5  
36 1 5  

-14 

- 14 

-14 

16-33 

16-34 
22 04 

-41 
23  16 13 

2 1  04 
35. 0 4  

+ 
X= 0? 
GTO 5 
RCL6 

CHS 
ST06 
X= 0? 
GTOd 
GSBe 
RCLE 
X>Y? 
GTOd 

X=+Y 
GSBc 

*LBLd 
RCL 6 

CHS 
ST06 
RCL4 
X= 0 ? 
GT05 
RCL 5 

GT05 
CHS 

ST05 
GSBe 
RCLE 
X>Y? 
GT03 

X=+Y 
GSBc 

*LBL3 
RCL-5 

X= 0? 

-55 
16-43 
22  05 
36 06 

-22 
35  06 
16-43 

22   16   14  
23  16  15 

36   15  
16-34 

22 1 6   1 4  
-41 

2 3   1 6   1 3  
2 1   1 6  1 4  

36  06 
-22 

35  06 
36  04 
16-43 
22  05 
36  05 
16-43 

-22 

2 3   1 6  1 3  
36  15 
16-34 
22 03 

-41 
23   16  13 

22  05 

35  05 

2 1  03 
. 3-6. 9 5  

CHS 
ST0 5 
RCL6 

GTO 5 
RCL4 

CHS 
ST04 
GSBe 
RCLE 
X>Y? 
GTOE 

XSY 
GSBc 

*LBLE 
RCL4 

CHS 
ST04 
GT05 

*LBL9 
RCL8 
RCL 5 
X=Y? 
GT08 

1 
ST+5 

X= @ ?  

0 
ST06 
GT06 

*LBL8 
RCL 7 
RCL4 
X=Y? 

R/S 
1 ~. ~~ 

-22 
35  05 
36  06 

22 05 
36 04 

-22 

23   16   15  
36 1 5  

22 15  

23   16   13  
2 1   1 5  
36  04 

-22 
35 414 
22 05 
21 09 
36 08 
36  05 

16-43 

35  04 

16-34 

-4 1 

16-33 
22 08 

01 
35-55  05 

00 
35  06 
22  06 
21 08 
36  07 
36  04 

5 1  
01 

16-33 

4 1  



Card 1. T r i c l i n i c   ( C o n c l u d e d )  

106  
18 7 
108 
109  
a10 
111 
112 
113 
1 1 4  
115  
116 
117 
118 
119  
120 
1 2 1  
122 
1 2 3  
124 
125  
126 
1.27 
128  
129  
130 
131 
132 
133 
134 
135 
136 
137 
138 
139  
140 
1 4 1  

ST+4 

ST0 5 
ST0 6 
GT06 

*LBLl 
RCLl 

0 

X 

*LBLb 
RCL2 

*LBLa 
RCL 3 

RTN 
*LBL2 

2 

X 

X 

x 

X 
+ 

RTN 
*LBLe 

RCLA 
SIN 

GSBb 
RCL4 

X 
X2 

R C L l  
GSBa 
RCLB 

SIN 
X 

RCL5 
X 

X2 

35-55 04 
0tJ 

35 05 
35 tJ6 
22  06 
2 1  61 
36  @l 

-35 
2 1   1 6   1 2  

36  02 
-35 

2 1   1 6  11 
36 03 

-35 
24 

2 1   0 2  
-35 

02 
-35 
-5 5 

24  
2 1   1 6   1 5  

36 11 
4 1  

2 3   1 6   1 2  
36  04 

-35 
53 

36 @1 
2 3   1 6  11 

3 6   1 2  
4 1  

-35 
36  05 

-35 
5 3  

1 4  3 
144 
145  
146  
1 4 7  
1 4 8  
149  
158 
151 
152 
15 3 
154 
155 
156 
1 5  7 
158 
159 
160 
1 6 1  
1 6  2 
1 6 3  
164  
165 
166 
1.6 7 
1 6 8  
169  
1 7 0  
1 7 1  
172 
1 7 3  
174 
175  
176 
177 
178 

142 + -55  179 

RCL 1 
RCL 2 

X 
RCL C 

SIN 
X 

RCLG 
X 

X2  
+ 

RCLA 
cos 

ST00 
RCLB 
cos 

STOD 
X 

RCLC 
cos 

ST01 
- 

GSBl 
GSBa 
RCL4 

X 

RCL5 
GSB2 
RCLD 
RCLI 

X 

RCLB 
- 

GSBl 
RCLl 

X 

RCL 5 

36 81 
36  02 

-35 
36 13 

4 1  
-35 

36 416 
-35 

53 
-55 

36 11 
42 

36  12 
42 

35 1 4  
-35 

36 1 3  
42 

35  46 
-45 

2 3  81 
23   16  11 

36  04 
-35 

36  05 
23   02  
36 1 4  
36  46 

-35 
36 00 

-45 
23  01 
36 01 

-35 
36 05 

35 00 

180 
181 
182 
183 
184 
185 
186 
187 
188 
189  
190  
1 9 1  
192 
1 9 3  
194 
195  
196 
1 9  7 
1 9 8  
199  
200 
2 01 
202 
203 
204 
205 
2 06 
207 
208 
209 
210 
211 
212 
213 
214 
215 

X -35 2 16  

Card  2. Tr ic l in ic  
013 GSBe 2 3   1 6  15 025 

RCL4 
GSBa 
RCL 5 
GSEb 
RCL 6 
GSBc 
RCL4 
RCL5 ' 
GSBd 
RCL4 
RCL6" 

~ 

RCL5 
RCL 6 
GSBE 
ST01 
RCL 7 
GSBa 
RCL8 
GSBb 
RCL 9 
GSBc 
RCL 7 

36 05 026 
36  06  02 7 
23   15   028  
35  46  029 
36  07 030 

2 3   1 6  11 (631 
36 08 032 

2 3   1 6   1 2  033 
36 09 034 

2 3   1 6  13  035 
36 $7- ~ . - ~ 36 " 

RCL6 
GSB2 
RCLI 
R C L ~  

X 

RCLD 
- 

GSBl 
RCL2 

RCLG 

RCL4 
GSB2 
RCL 0 

CHS 
1 

+ 
RCLD 

X 

X 

X2 

X2 
- 

RCL I 
X2 

RCLQI 
- 

RCLD 

RCLI 
GSB2 
G S B l  
GSBl 

X+Y 

AES 

X 

- 

JX 
RTN 

-F 

RCL 8 
GSBd 
RCL7 
RCL9 
GSBe 
RCL 8 
RCL9 
GSBE 
RCLI 

X 

ABS 
. = ~  Jlx 

36 06 
23   02  
36  46 
36 08 

-35 
36 1 4  

-45 
2 3  01 
36  02 

-35 
36  06 

-35 
36  04 
23   02  
36 00 

53 
-22 
01 

-55 
36   14  

5 3  
-45 

36  46 
53 

-45 
36 08 
36 1 4  

-35 
36  46 
23  02 
23  0 1  
23  01  

-41 
-24 

1 6  31 
54 
24 ___ ~ 3""_ 

-~ 

36 08 
23 1 6   1 4  

36  07 
36  09 

2 3   1 6   1 5  
36 08 
36  @9 
23 15 
36  46 

-35 
1 6  31 

54 " .  . 

42 



0 3 7  
038 
6339 
040 
041  
(642 
043  
044 
045 
046 
04 7 
048 
049 
05 0 
(651 
05 2 
053 
054 
055 
05 6 
05 7 
058 
05 9 
06 0 
(661 
062 
06 3 
064 
065 
066 
06 7 
068  
069 
6370 
071 
@72 
073 
074 
075 
076 
077 
078 
07 9 
080 
081 
082 
083 
084 
085 
086 
087. 

ST01 
RCL 2 
GS BA 
RCLA 

SIN 
GSB6 
RCL 4 

RCL 7 

RCLl 
GS BA 
RCLB 

SIN 
GSBG 
RCL5 

RCL8 
GSB7 
RCLl 
GSBB 
RCLC 

SIN 
GSBG 
RCL6 

RCL9 
GSB7 
RCL 5 
RCL 7 

X 

X 

X 

X 

X 

RCL4 
RCL8 
GSB7 
RCL 3 
GSB2 
RCE4 
RCL 9 

RCLG 
RCE 7 
GSB7 
RCL2 
GS B 3  
RCL5 
RCL 9 

RCL 6 
RCL 8 
GSB7 
RCLl 

X 

X 

35-  46 
36  02 
23  11 
36 11 

4 1  
23  06 
36  04 

-35 
36  07 

-35 
36 01 
23 11 
36   12  

4 1  
23  06 
36 05 

-35 
36 08 
23  07 
36 01 
2 3   1 2  
36 13  

4 1  
23  06 
36  06 

-35 
36  09 
23  07 
36  05 
36 07 

-35 
.36 04 
36 08 
23  07 
36 03 
23  02 
36  04 
36  09 

-35 
36  06 
36  07 
23  07 
36 162 
23  03 
36 05 
36  89 

-35 
36  06 
36  08 
23  07 
36 161 

Card   2 .   -T r i c l in i c   (Con t inued)  
088 GSB4 23   04   139  GSBA 2 3  11 
089 
090 
091  
092 
093 
094 
095 
096 
097 
098 
099 
100 
101 
102 
18 3 
104  
185  
106 
107  
1@8 
109  
110 
111 
112  
113 
114 
115  
116 
117 
118 
119 
120 
1 2 1  
122  
1 2 3  
124 
1 2 5  
126 
127  
1 2 8  
129  
130 
131 
P 32 
133 
134 
135 
136  
137 

RCLI 
- 

cos- 
P RTX 
RCL4 

GT08 
9 

RCL 5 
X>Y? 
GTO 8 

GTO 8 
9 

RCLG 
X>Y? 
GTO 8 

GT08 
RCL4 

1 
0 
0 

X<@? 

X<@? 

X<@? 

GSB7 
RCL 5 

1 

GSB7 
PRTX 

*LBL9 
RCL 7 
PRTX 
RCL8 
PRTX 
RCL9 
PRTX 

RTN 
*LBL8 

RCL4 
PRTX 
RCL5 
PRTX 
RCL6 
PRTX 
GT09 

*LBLl 

RCLl 

0 

X 

X 

36  46 

1 6   4 2  

36  04 

22 08 
09 

36 05 
16-34 
22 08 
16-45 
22 08 

09 
36  06 

22 08 

22 08 
36  04 

-24 

-14 

16-45 

16-34 

16-45 

01 
00 
00' 

23  07 
36  05 

01 
00 

23  07 
-14 

21   09  
36 07 

36 08 

36  09 

24 
21  08 
36  04 

36  05 

36  06 
-14 

22  09 
2 1  01 

-35 
36 01 

-35 

-14 

-14 

-14 

-14 

-14 

140  
1 4 1  
142 
1 4  3 
144  
145  
146  
147  
1 4 8  
149  
158 
1 5 1  
152 
1 5 3  
154  
155  
1 5  6 
1 5  7 
1 5 8  
159  
1616 
1 6 1  
162 
1 6 3  
164 
165  
166 
167 
1 6 8  
169  
1763 
1 7 1  
172 
1 7 3  
174 
175  
176  
177  
1 7 8  
179  
180 
181 
182  
18 3 
184 
185 
186  
187  
188 

RTN 
*LBLa 

GSBB 
GSBA 
RCLA 

SIN 
GSB6 

RTN 
*LBLb 

RCLl 
X 

GSBA 
RCLB 

SIN 
GSB6 + 

RTN 
*LBLc 

RCLl 

GSBB 
RCLC 

SIN 
GSBG 

X 

+ 
RTN 

*LBLd 
X 

GSBA 
2 

*LBL2 
GSBl 
RCLA 
cos 

STOD 
RCLB 
cos 

STOE 
X 

RCLC 
cos 

ST00 
GT05 

*LBLe 

GSBB 
2 

*LBL3 
GSBl 

X 

24 
2 1   1 6  11 

2 3   1 2  
23  11 
36 11 

4 1  
23  06 

24 
2 1   1 6   1 2  

36 01 
-35 

2 3  11 
36   12  

4 1  
23  06 

-55 
24 

2 1   1 6  13  
36 01 

-35 
2 3   1 2  
36 13 

4 1  
23  06 

-55 
24 

2 1   1 6   1 4  
-35 

23 11 
02 

2 1  532 
23  01 
36 11 

42 
35   14  
3 6   1 2  

42 
35 15 

-35 
36  13 

42 
35 00 
22 05 

2 1   1 6  15 
-35 

2 3   1 2  
02 

2 1  03 
2 3  01 



C a r d   2 .   T r i c l i n i c  (Concluded)- 
190 RCLD 36  14  202 RCL0 3 6  -60- - 214 X 
1 9 1  
192 
1 9 3  
194 
195  
196  
197 
198  
199  
200 
- 201 

X 
RCLE 
GTO 5 

*LBLE 
X 

R C L l  

2 
*LBL4 

GSBl  
RCLE 

X 

-35 
36 1 5  
22  05 
2 1   1 5  

-35 
36 01 

-35 
02 

21  04 
23 01 
36 1 5  

X 
RCLD 

*LBL5 

GSB7 
RTN 

*LBL6 

- 

X 
X2 

RTN 
- *LBL7 

-35  215 
36  14  216 
21  05  217 

-45  218 
23 (67 219 

24  220 
21  06  221 

-35  222 
53  223 
24 224 

2 1  07 

+ 
RTN 

*LBLA 
RCL3 

X 
RTN 

*LBLB 
RCL 2 

X 
RTN 

. .~ - 

-35 
-55 

24 
2 1  11 
36 03 

-35 
24 

2 1   1 2  
36  02 

-35 
24 

Card 3. T r i c l i n i c  
001 *LBLE 2 1   1 5  038 RCL7 36  87  075 RCL9 36  89 

RCL4 
RCL 7 

X 

RCLl 
X2  
X 

RCL 5 
RCL 8 

X 

RCL 2 

GSBb 
RCLG 
RCL 9 

X2 

X 
RCL 3 

GSBb 
RCL 5 
RCL9 

X2 

X 
RCLG 
RCL8 
GSBb 
G S B l  
RCL 6 
RCL 7 

RCL4 
RCL9 
GSBb 
GSB2 
RCL4 
RCL8 

X 

X 

36  04 
36  07 

-35 
36 01 

53 
-35 

36 05 
36 08 

-35 
36  02 

53  
23   16   12  

36 06 
36 09 

-35 
36 03 

53  
23  16  12 

36 05 
36 09 

- 35 
36  06 
36 08 

23  16  12 
23 81 
36 06 
36 07 

-35 
36 04 
36  09 

23  16  12 
23 (62 
36 04 
36 08 

-35 

GSBb 
GSB3 
ST00 
RCL4 
RCLl 

X 
X2 

RCL 5 
RCL 2 
GSBa 
RCL 6 
RCL 3 
GSBa 
RCL5 
GSBc 
RCL 6 

G S B l  
RCL4 
GSBc 
RCL6 

X 

X 

GSB2 
RCL4 
GSBc 
RCL5 

GSB3 
ST01 
RCL7 
R C L l  

X 

X 
X2 

RCL8 
RCL2 
G SBa 
" . __ 

23 1 6   1 2  
23  03 

36  04 
36 0 1  

-35 
53  

36  05 
36  02 

23   16  11 
36  06 
36 03 

23   16  11 
36  05 

2 3   1 6   1 3  
36  06 

-35 
23 01 
36 04 

23   16   13  
36 06 

-35 
23  02 
36  04 

23  16 13 
36  05 

-35 
23  03 
35  46 
36 07 
36 01 

-35 
5 3  

36 08 
36  02 

.~ 23. - .  .16- . ~ ." 11- 

35 00 

RCL3 
G SBa 
RCL8 
GSBc 
RCL 9 

X 

G S B l  
RCL7 
GSBc 
RCL9 

GSB2 
RCL7 
GSBc 
RCL8 

GSB3 
RCLI 

X 

X 

X 

ABS 
JX 

R C L ~  
X+Y 
- 

cos-1 
SPC 

DSP2 
PRTX 
DSPg 

9 
RCL4 
X>Y? 
GT07 
X< 0? 
GT07 

9 ~- __ 

36 0 3  
23  16 11 

36 08 
2 3   1 6   1 3  

36  09 
-35 

23 01 
36 07 

2 3   1 6   1 3  
36 09 

-35 
23  02 
36  07 

23   16  13 
36 08 

-35 
23  03 
36  46 

-35 
16  31 

54 
36 00 

-41 
-24 

1 6  42 
16-11 

-63  02 
-14 

-63 00 
09 

36 04 
16-34 
22  07 

22  07 
09 

16-45 



112 
113 
114 
115 
116 
117 
118 
119  
120 
1 2 1  
122 
1 2 3  
124 
125 
126 
127 
1 2 8  
129 
130 
131 
132 
133 
134 
135  
136 
137 
138 
139 
140  
1 4 1  
142 
1 4  3 
144 
145  
146 
147 
1 4  8 

RCL5 
X>Y? 
GTO 7 
X<@? 
GT07 

9 
RCL6 
X>Y? 
GT07 

GT07 
RCL4 

1 

X< 0? 

0 
0 

X + 
RCL 5 

1 
0 

X 

+ 
PRTX 
GT08 

*LBL7 
RCL4 
PRTX 
RCL5 
PRTX 
RCL 6 
PRTX 

>kLBL8 
9 

RCL7 
X>Y? 
GT09 
X < @ ?  

C-ard 3.- =T-ricl inic   (Concluded)  
36  05 
16-34 
22  87 

22  07 
09 

16-34 
22  07 
16-45 
22  07 
36  (64 

01 
00 
00 

-35 
-55 

36 05 
01 
00 

-35 
-55 
-14 

22 08 
21  07 
36  04 

-14 
36  05 

36  06 
-14 

2 1  08 
09 

36 637 
16-34 
22  09 

16-45 

36  06 

-14 

16-45 
2 2  09- 

15 0 
151 
152 
15 3 
154  
155 
1 5 6  
157  
15 8 
15 9 
1 6 0  
1 6 1  
1 6 2  
163 
164  
165  
166 
1 6 7  
1 6 8  
169  
170  
1 7 1  
172 
1 7 3  
174  
1 7 5  
1 7  6 
177  
178  
1 7  9 
180 
181 
182 
183 
184 
185  
186 

. .  

9 
RCL8 
X>Y? 
GT09 
x< 0? 
GT09 

9 
RCL 9 
X>Y? 
GTO 9 

GT09 
RCL 7 

1 

X < 0 ?  

0 
8 

X 

+ 
RCL8 

1 
8 

X 

+ 
PRTX 

RTN 
*LBL9 

RCL7 
PRTX 
RCL8 
PRTX 
RCL 9 
PRTX 

RTN 
>kLBLl 

RCLA 
cos 

X 

.~ ~ 

09 
36 08 

22  09 

22  09 
09 

36  09 
16-34 
22  89 

22  89 
36  87 

01 
00 
00 

-35 
-55 

36 08 

16-34 

16-45 

16-45 

01 
00 

-35 
-55 
-14 

24 
21  09 
36 07 

36 08 

36  89 

24 

36 11 
42 

-35 

-14 

-14 

-14 

21  01 

~~ .~ . 

18 7 
188 
18 9 
1 9 0  
1 9 1  
192  
1 9 3  
194  
I 9 5  
196  
197  
1 9 8  
199  
2 00 
201  
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 

. " "~ . .  

RCL2 
X 

RCL3 
G SBb 

RTN 
*LBL2 

RCLB 
cos 

RCLl 
X 

X 
RCL3 
GSBb 

RTN 
*LBL3 

RCLC 
cos 

RCLl  
X 

X 

RCL2 
GSBb 

RTN 
*LBLa 

X 

X2 
+ 

RTN 
*LBLb 

X 
+ 

RTN 
*LBLc 

2 

RTN 
X 

R /  S 
- 

~ 

36  62 
-35 

36 03 
2 3   1 6   1 2  

24 
2 1   0 2  
36   12  

42 
-35 

36 01 
-35 

36 03 
23   16   12  

24 
2 1  03 
36 13 

42 
-35 

36 01 
-35 

36  02 
23   16   12  

24 
2 1  1 6  11 

-35 
5 3  

-55 
24 

2 1  1 6   1 2  
-35 
-55 

24 
2 1   1 6  13 

-35 
24 
51 

02 

D e a l i n g   w i t h   A p p a r e n t  Crystal P a r a m e t e r s  (Axial Angles   and 
L e n g t h s )   F o u n d   o n   E l e c t r o n   D i f f r a c t i o n   P a t t e r n s  

Program  use-   This   program is  u s e d   t o   c a l c u l a t e   a p p a r e n t   c r y s t a l l o g r a p h i c  
p a r a m e t e r s ,  as may b e   f o u n d   o n   e l e c t r o n   d i f f r a c t i o n   p a t t e r n s  of nonor thogona l  
c r y s t a l s ,   f r o m  the known p a r a m e t e r s   o f   s t a n d a r d   p h a s e s .   T h e   a p p l i c a b l e  
fo rmulas  are: 

Hexagonal: a '  = a ( 3 / 4 ) 1 / 2  

4 5  



Monoclinic: 

Triclinic: 

a' = asinB 

c' = csinB 

a 
s ina 

b 
s in8 

c' = - 
siny 

(I - cos% - cos2f3 - cos2y + 2cosacosBcosy) 

(1 - cos% - cos% - cos2y + 2cosacosBcosy) 

(1 - cos% - cos2B - cos2y + 2cosacosBcosy) 

1/2 

1/2 

1 / 2  

a' = __ 

b' = - 

C 

cosa' = 
cosBcosY - cosa 

s in6 s iny 

COSB' = 
cosacosY - cosB 

sinasiny 

cosy' = 
cosacosB - COSY 

sinasinB 

The  input  and  output  parameters  are: 

Input  parameters  Output  parameters 
Label A Register 1- a a 
TRICLINIC  Register 2- B b 

Register 3- y C 
Register 4- a 
Register 5- !I 
Register 6- c 

a 
B 
Y 
a'(a,,,> 
b'(a,,,> 
c'(a,,,> 
a' 
B '  
Y' 

Label B Register 2- B a 
MONOCLINIC  Register 4- a  b 

Register 5- b C 

Register 6- c 
" B ~ _ _ ~ _ _ _ _  - _ _  ~. 
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Label C 
RHOMBOHEDRAL 

R e g i s t e r  1- ahex 
R e g i s t e r  4- ahex  Chex 
R e g i s t e r  5- a r h  
R e g i s t e r  6- Chex 

"rh 

Labe l  D R e g i s t e r  4- a 
HEXAGONAL R e g i s t e r  6- c 

The  program  can  be  executed as many times as d e s i r e d   b y   s t o r i n g   t h e   i n d i -  
c a t e d   i n p u t   c r y s t a l   p a r a m e t e r s   i n   t h e i r   r e s p e c t i v e   r e g i s t e r s ,  , and   then   pushing  
t h e   a p p r o p r i a t e   l a b e l   b u t t o n   ( e . g . ,   p u s h  A f o r   L a b e l   A ) .  The a c t u a l   p r o g r a m  
follows. 

A p p a r e n t C r y s t a l   P a r a m e t e r s  
081 *LBLA 2 1  11 026 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
818 
01 9 
020 
021 
022 
1623 
024 

GSBl 
R C L l  
GSB5 
RCL2 
PRTX 
RCL3 
PRTX 
GSB7 
RCL2 
cos 

RCL 3 
cos 

R C L l  
cos 

RCL2 
SIN 

RCL3 
SIN 

X 

- 

- 

- 
cos- 

23 01 027 
36 01 028 
23 05 029 
36 02 030 

36 03  032 

23 07 034 
36  02  035 

42  036 
36 03 037 

42 038 
-35  039 

36 01 04g 
42 1641 

-45  042 
36  02  043 

41  044 

36 03 046 
41  04  7 

16  42  049 

-14 031 

-14 033 

-24  045 

- 24 048 

R C L l  
cos 

RCL3 
cos 

RCL2 
cos 

RCLl  
SIN 

RCL3 
SIN 

X 

- 

- 

- 

cos-, 
ST08 
R C L l  
cos 

RCL2 
cos 

RCL3 
cos 

X 

- 
025 ST07 35 0 L  050 R C L l  

36 01 051 
42 

36  03 
42 

- 35 
36  02 

42 
-45 

36 01 
4 1  

-24 
36  03 

41  

16   42  
35 08 
36 01 

42 
36  02 

42 
-35 

36 (63 
42 

-45 

-24 

052 
053 
054 
055 
056 
05  7 
058 
05  9 
060 
061 
062 
063 
064 
065 
066 
067 
068 
06  9 
070 
071  
072 
073 
074 

SIN 

RCL2 
SIN 

- 

- 
cos-1 

ST09 
1 

E N T ~  
R C L l  
cos 

X2 
- 

RCL2 
cos 

X2 

RCL3 
cos 

- 

X2 - 
R C L l  
cos 

2 
" 

41 
-24 

36  02 
41  

1 6  42 
-24 

35 09 
01 

-21 
36 01 

42 
53 

-45 
36 632 

42 
53 

-4 5 
36 03 

42 
53  

-45 
36 01 

42 
02 

36 01 075 A -35 
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07 6 RCL2 
cos 

RCL3 
cos 

+ 
ST00 
RCL4 
RCLl 
GSB2 
RCL 5 
RCL2 
GSB2 
RCLG 
RCL 3 
GS  B2 

SPC 
RCL7 
GSB5 
RCL8 
PRTX 
RCL 9 
PRTX 

RTN 
*LBLB 

GSBl 
RCL2 
GSB5 
GSB7 
RCL4 
RCL2 

SIN 

X 

X 

J X  

X 

GSB4 
RCL5 
PRTX 
RCL 6 
RCL2 

SIN 

PRTX 
SPC 

RCL2 
GSB5 

RTN 

X 

42 
-35 

36 03 
42 

-35 
-55 

54 
35 00 
36  04 
36 01 
23  02 
36 05 
36  02 
23  92 
36  06 
36 03 
23  02 

36  07 
23  05 
36 08 

36  89 
-14 

24 
2 1   1 2  
23 01. 
36  02 
23  05 
23  07 
36  04 
36  02 

4 1  
-35 

23  04 
36 05 

36  06 
36  02 

4 1  
-35 
-14 

16-11 

16-11 

-14 

-14 

36  02 
23  05 

24 

124 
1 2 5  
126  
127  
1 2 8  
129  
130 
131 
132  
133 
1 3 4  
135  
136 
137 
138 
139  
1 4 0  
1 4 1  
142 
1 4  3 
144  
1 4  5 
1 4  6 
147  
148  
149  
156 
151 
1 5  2 
15 3 
154 
15 5 
156  
1 5  7 
158  
15 9 
1 6 0  
1 6 1  
162 
1 6 3  
164 
165  
166  
167 
168  

*LBLC 
GS  B6 
RCL4 
GSB4 
RCLG 
PRTX 

SPC 
RCL5 
PRTX 
R C L J  
GSB5 
GSB7 
GSB3 

i 
- 

GSB3 
1 

+ 
- 

cos-I 
ST01 
R C L l  

cos 

2 

RCLl 
cos 

1 

X2 

X 

+ 
- 

CHS 
1 

+ 
J X  

RCL5 

GSB4 
RCLI 
GSB5 

RTN 
*LBLD 
GSB6 
RCL4 
GSB4 

X 

2 1  13 
23  06 
36 04 
23  04 
36  06 

-14 
16-11 
36 85 

-14 
36 01 
2 3  05 
23  07 
23  163 

-62 
05 

-45 
23  03 

01 
-55 
-24 

1 6  42 
35  46 
36  01 

42 
5 3  
02 

-35 
36  01 

42 
01 

-55 
-24 
-22 

01 
-55 

54 
36  05 

-35 
23  04 
36  46 
23 05 

24 
2 1   1 4  
23  06 
36  04 
23  04 

1 7 0  PRTX 
1 7 1  SPC 
1 7  2 3 
1 7 3  ENT+ 
174  4 
1 7 5  
1 7  6 )X 
177  RCL4 
1 7 8  X 

1 7  9 PRTX 
180 RCLG 
181 PRTX 
182 RTN 
183 *LBL1 
184  GSB6 
185 RCL4 
186  GSB4 
187  RCL5 
188 PRTX 
189  RCLG 
1 9 0  PRTX 
1 9 1  SPC 
192 RTN 
1 9 3  *LBL2 
194 SIN 
195  
196  RCL0 
197 X 
1 9 8  GSB4 
199  RTN 
200 *LBL3 
201 RCL4 
202 RCL6 
203 
2 04 X2 
205 3 
206 X 

207 4 
2 08 
209 RTN 
210 *LBL4 
211 DSP4 
212 PRTX 
213 RTN 
214 *LBL5 
215 DSP2 

- 

- 

- 

- 

~- - . . " -  

-14 
16-11 

03 
-21 

04 
-24 

54  
36  04 

-35 
-14 

36  06 
-14 

24 
21  01 
23  06 
36  04 
23  04 
36  05 

36  06 
-14 

-14 
16-11 

24 
21  02 

4 1  
-24 

36 80 
-35 

23 164 
24 

2 1  03 
36  04 
36  06 

-24 
5 3  
03 

-35 
04 

-24 
24 

21  04 
-63  04 

-14 
24 

2 1  05 
-63 0 2  
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.~ ~ Apparen t   Crys t a l   Pa rame te r - s  (Co-ncluded-> 
217 RTN 24 220 *LBL7 2 1   0 7  223 R G  24 
218 *LBL6 2 1   0 6  2 2 1  SPC 16-11 224 R/S 51 
219 SPC 16--11 - 2 2-2 SPC 16-11 ~- " 

Ames Research  Center 
N a t i o n a l   A e r o n a u t i c s  and S p a c e   A d m i n i s t r a t i o n  

M o f f e t t   F i e l d ,   C a l i f o r n i a   9 4 0 3 5 ,   F e b r u a r y  13, 1979 
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APPENDIX 

FORMULAS  FOR DETERMINING INTERPLANAR  SPACINGS,  INTERPLANAR ANGLES, AND 
INTERZONAL ANGLES 

L i s t e d   b e l o w  are f o r m u l a s   f o r   d e t e r m i n i n g   i n t e r p l a n a r   s p a c i n g s ,   i n t e r -  
p l a n a r   a n g l e s ,   a n d   i n t e r z o n a l   a n g l e s .   T h e s e   f o r m u l a s  were o r i g i n a t e d   b y  
K. W. Andrews, D. J. Dyson,  and S. R. Keown i n   t h e i r   p u b l i c a t i o n   " I n t e r p r e t a -  
t i o n   o f   E l e c t r o n   D i f f r a c t i o n   P a t t e r n s , "  New York, 1967.  Fo r   conven ience ,   t he  
fo l lowing   codes  are u s e d   f o r   e a c h   c r y s t a l   s y s t e m :  

a d e s i g n a t e s   f o r m u l a s   f o r   d e t e r m i n i n g   i n t e r p l a n a r   s p a c i n g s  of  t h e   ( h k l )  
p l a n e  

b d e s i g n a t e s   f o r m u l a s   f o r   d e t e r m i n i n g   i n t e r p l a n a r   a n g l e  9 between 
(h lk l l l>   and   (h2k212)  

e d e s i g n a t e s   f o r m u l a s   f o r   d e t e r m i n i n g   i n t e r z o n a l   a n g l e  p between 
(ulvlwl)   and ( ~ 2 ~ 2 ~ 2 )  

Crys t a l   sys t em:   Cub ic  

1 

d2 a2 
n - I (h2 + k 2  + 12) 

C r y s t a l   s y s t e m :   T e t r a g o n a l  . ~ _- 

- (h2 + k2)  + - 1 (I2) a 
d2 a2 .2 
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b 

e 

Crys ta l   sys tem:   Or thorhombic  

a # b # c  
a = B = y = 9 0 °  

a 1 1 1 

d 2  a2 b2  C 2  
(h2)  + - (k2)  + - (12) - = -  

b 

1 1 - h l h 2  + - k l k 2  + - 1,1, 1 
a2 b2 2 

a2u1u2 + b2v1v2 + c2wlw2 
e C O S P  = ~ = 

i ( a 2 u :  + b2v: + c2w:) (a2u; + b2vg + C ' W ~ )  

C r y s t a l  system: Hexagonal 

a 1 

d2 3a2 C 2  

- (h2  + hk + k2)  + " (12) 

b 

e 

1 C 

2 
2 

-2 
u1u2 + v1v2 - - ( u p 2  + v1u2)  + - w1w2 

cosp = " 
a 
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Crystal   system:"-Rhombohedral 

a = b = c  
c1 = B = y < 120" # 90" 

1 1  

d2  a2 1 + cosa  - 2  cos2a  

( 1  + c o s a )  [(h2 + k2 + 12> t a n 2  1 2  a)(hk + k l  + lh)]  
a - = -  __ ~. " ~ - 

b C o n v e r t   t o   c o r r e s p o n d i n g   h e x a g o n a l   i n d i c e s   a n d  use t h e   h e x a g o n a l  
sys  t e m  formula .  

e C o n v e r t   t o   c o r r e s p o n d i n g   h e x a g o n a l   i n d i c e s   a n d   u s e   t h e   h e x a g o n a l  
sys  t e m  formula.  

C r y s t a l   s y s t e m :  ~ . Monoclin-ic . .  ~ .~ 

a # b # c  
a = y = 9 0 ° # B  

1 h2 + - 1 (k2) + -~ 1 1 2  - a 2hl   cosB 

d 2  a2 s in2B  b2   c2   s in26   ac   s in2B 
"" - 

b cos4 = 

- h l h 2  + - k lk2s in2B + - 1,1, - 
a2 b2  ~~ ~ C 2  . . ." . - ~ . ~ . . 

1 1 1 - 1 (1 h + ~ , ~ , ) c o s B  
ac 1 2 
. .  

1 (2 b2 

2hl i, 
h: + - k:sin2B + - 1: - ___ 

1 
C 2  

a c  

(5 b2 
h2  + - k2s in2B + - 1: - ___ 

1 1 
2 

C 2  
a c  

e cosp = ~~ _ _  -~ " "  

+ b2vf + c2wf + 2aculwlcosB) X 

+ b2v$ + c2wg + 2acu2w2cosB) 

C r y s t a l   s y s t e m :   T r i c l i n i c  

a # b # c  
a # B h  

a 1 1 

d 2  V2 
- = -  

( 3  1 h2  + s2,k2 + s 1, + 2s12hk + 2 s 2 , k l  + 2s3 ,1h)  3 3  

52 



where V2 = a2b2c2(1 - cos2a - cos2B - cos2y + 2 cosacosf3cosy) 

and 

sll = b2c2sin2a 

s22 = a2c2sin2B 

s 3 3  = a2b2sin2y 

s12 = abc2(cosacosB - cosy) 

'2 3 = a2bc(cosBcosy - cosa) 

s31 = ab2c(cosycosa - cosB) 

b cos+ = 
F 

%lklll'Ah2k212 

where F = hlh2b2c2sin2a + klk2a2c2sin2B + lll2a2b2sin2y 

+ abc2(cosacosB - COSY) (k1h2 + hlk2) 

+ ab2c(cosycosa - cosB)(hl12 + 11h2) 

+ a2bc(cosBcosy - corn> (kl12 + Ilk2) 

and 

= x  

h2b2c2sin2a + k2a2c2sin2B + 
+ 2hkabc2(cosacosB - cosy) 

Ahkl + 2hlab2c(cosycosa - COSB) 

+ 2kla2bc(cosBcosy - cosa )  

e cosp = 
L 

I I 
ulvlwl  u2v2w2 
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where L = a 2 u l u Z  + b2vlv2 + c2wlw2 

+ bc(vlw2 + W ~ V ~ ) C O S "  

+ ac(wlu2 + u1w2)cosB 

+ a b ( u l v 2  + v1u2)cosy 

and 

~ ~ 
"- - 

Iuvw = A T +  b2v2 + c2w2 + 2bcvw c o s a  + 2cawu cos6 + 2abuv  cosy 
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